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a second look fish 
Although the number of manned Apollo 
missions to the moon has been drastically 
cut back by NASA, the amateur group 
working on Moonray still hopes to have 
their uhf lunar repeater carried to the 
moon on one of the remaining flights. 
The primary objective of Moonray, pro-
posed in 1960 by W60L0 , is to provide a 
free-access uhf repeater for world-wide 
communication on the 432-MHz band. 

The Moonray package will contain a 
sensitive low-noise receiver, tuned to 
439.9 MHz, a signal processor, an identi-
fier, six to eight channels of telemetry, 
and transmitter output on 430.1 MHz, as 
well as a laser receiver. Power will be 
provided by a nuclear thermoelectric 
generator with a half life of 87 years. The 
system is expected to be continuously 
operational for a year or longer on a 
24-hour-per-day basis, with one-minute 
interruptions at the end of each 10-min-
ute period. 

The antenna, pointing system and 
thermal controls are all self contained in a 
louvered metal cylinder about 6 inches in 
diameter and 10 inches long. Three legs 
will be used for supporting the package 
on the lunar surface, as well as leveling; a 
special pointing mechanism is provided so 
the astronaut who sets up the unit will be 
able to accurately align the Moonray 
antenna to earth. 

The 10-KHz passband on both the 
430.1- and 439.9- MHz links will accept 
all modes of transmission, including cw, 
fsk, modulated cw, afsk, narrow-band fm, 
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ssb and a-m (in that order of preference). 
Moonray's callsign will be the identifier 
SS, transmitted every ten minutes along 
with a telemetry sequence. 

Amateurs who want to use the Moon-
ray repeater should be equipped with a 
high-gain antenna (15-dB minimum gain) 
capable of tracking the moon, as well as a 
low-noise (3-dB maximum) crystal-con-
trolled converter on 430.1 MHz, and a 
stable 439.9-MHz transmitter. For cw 
operation, transmitter power output 
should be approximately 50 watts. More 
power will be required for other modes, 
progressing from about 100 watts for fsk 
to 1000 watts for slow-scan television. 

The design, development and test of 
an operational prototype is now in pro-
gress, and final construction of a flight 
model is planned for the near future. 
There are many ways you can help with 
this ambitious project including technical 
help to the group, providing publicity, 
promoting additional 432-MHz activity, 
or by making financial contributions to 
help obtain special items and defray 
postage and printing costs (contributions 
are fully tax deductible). 

To obtain more technical information 
on Moonray, or to offer help, write to 
Nassau College Amateur Satellite Track-
ing, Astronomy and Radio, Post Office 
Box J , Syosset, New York 11791. Your 
help will be appreciated. 

Jim Fisk, W1DTY 
editor 
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An R T T Y demodulator (often called a 
terminal unit, TU or converter) is used 
between the radio receiver and the Tele-
type machine to change the audio output 
of the receiver into on-off dc pulses to 
operate the printer. 

Most RTTY demodulators work on 
the fm principle — they have a limiter 
followed by a discriminator that selects 
the mark or space tone, a detector to 
convert this audio into the dc key ing rate, 
perhaps a low-pass filter to clean up the 
signal, a trigger stage that decides when 
mark has changed to space and vice versa, 
and finally, a keyer stage that drives the 
Teletype machine. Two power supplies are 
normally used, one to drive the demodu-
lator and one to drive the Teletype 
machine, called the loop supply. 

Some demodulators work on the a-m 
principle. This is often called two-tone, or 
lim'rterless operation. In this case, no 
limiter is used although some modest 
amplification might be incorporated. A 
threshold corrector is required to provide 
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the proper symmetry to the slicer. This 
type of demodulator can copy mark-only 
or space-only type signals also. It works 
quite well in some circumstances, especi-
ally at full automatic machine speed, 
sometimes called "tape speed." To realize 
the advantages of a-m reception, high-
performance channel filters should be 
used, but rarely are —a simple linear 
discriminator providing little advantage 
over fm in a majority of cases. If auto-
matic printer control (auto-start) has 
been added, it must be disabled for a-rn 
copy since the steady reference level used 
for the squelch system is no longer a 
stable voltage. 

A good demodulator should have pro-
visions for both fm and a-m operation, as 
the circuitry used for a-m is beneficial 
even when using normal fm reception. 

the mainline rtty demodulators 
The original Mainline RTTY converter 

was published in 1963.1 The Mainline 
TT/L was introduced in late 19642 and 
had features that soon set the standard for 

Rear-panel layout of the ST-6 RTTY demodulator. 

serious RTTY enthusiasts. The Mainline 
TT/L-23 was an up-graded TT/L with a 
heftier power and loop supply, plus a few 
minor circuit improvements. 

Then I turned to solid-state — all units 
just mentioned used vacuum tubes. The 
first in the new series was the ST-1, using 
an RCA integrated circuit. It was never 

published, as the GE PA-238 operational 
amplifier became available about the 
same time. The ST-2 (autostart but no 
motor delay) and the ST-3 (autostart 
with motor delay) were published in 
1968.4 The ST-4 was the same as the 
ST-3, but designed exclusively for nar-
row-shift (170 Hz) reception for auto-
start. The ST-5s used two 709C opera-
tional amplifiers and was as simple a unit 
as a person could hope to get for normal 
reception of RTTY signals. The Mainline 
ST-6 presented here is an advanced solid-
state demodulator offering all the prac-
tical advantages known to be beneficial 
for RTTY reception. 

features of the ST-6 
1. Optional bandpass input filters of 

3-pole Butterworth design. 
2. Use of seven 709C operational 

amplifiers; nine if both 170 and 850 
shifts are added. 
3. A limiter having over 90-dB gain. 
4. Well-designed linear discriminators 

for various shifts. 
5. Full-wave detection. 
6. Active low-pass minimum band-

width 3-pole Butterworth filter using 
two operational amplifiers. 

7. Threshold corrector for a-m re-
ception. 

8. High-gain operational amplifier for 
a slicer that allows reception on shifts 
as low as 1 Hz. 

9. 300-volt keying transistor stage for 
minimum distortion. 
10. Floating-loop supply giving opti-
mum plus-minus voltages for best FSK 
(transmitter) provisions. 
11. Narrow-shift cw identification pro-
visions. 
12. Regulated plus-minus 12-volt sup-
ply. 
13. Anti-space system that quickly 
puts the printer to mark-hold if the 
signal goes to steady space. 
14. Automatic printer control (auto-
start) that ignores voice or cw signals 
but responds to RTTY , turning on the 
printer motor automatically. 
15. Motor delay control to keep the 
motor from turning on and off exces-
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sively during weak signal reception or 
compulsory cw identification. 
16. Optional a-m or fm reception. 
17. Simplified switching for versatility. 
18. Low-cost but effective tuning in-
dicator. 
19. Very simple alignment and adjust-
ment procedures. 

circuit description 

The bandpass input filters These are 3-pole 
Butterworth design, based on modern 

The discriminator When using inductors 
of the same value for both mark and 
space, great attention must be given by 
the designer in order to achieve similar 
bandwidths, similar voltages, good zero-
axis crossover, good noise balance, etc. It 
becomes even more difficult to design 
discriminators for both 170 and 850 
which can be interchanged in the same 
overall circuit. Attention to these details 
has been given to all the Mainline de-
modulators and the ST-6 is based on the 
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Front-panel layout of the ST-6 RTTY demodulator. 

filter synthesis networks. The one for 850 
shift uses normal 88-mH toroids wired in 
series for 88 mH. It is about 1 kHz wide 
at the ±3 dB points. The filter for 170 
shift uses 88-mH toroids wired in parallel 
for 22 mH. (The two outer wires together 
and the two pigtails together.) This keeps 
the impedance of the two units similar. 
The 170-shift input filter is about 275 Hz 
wide. 

The limiter This is a 709C operational 
amplifier running "open loop" for maxi-
mum gain. It has been frequency compen-
sated only lightly. For a-m reception the 
gain is reduced so that the unit becomes a 
linear amplifier at normal input levels, 
but reverts to a controlled limiter if the 
input exceeds the normal level. 

experience learned from the other units. 

The detector Full-wave detection is used, 
a unique feature of the Mainline ST-series 
demodulators. This offers optimum de-
tection for easiest filtering of the remain-
ing ripple component. An additional 
"plus-plus" detector is incorporated for a 
tuning display and to drive the automatic 
printer control system. 

The lowpass filter The optimum lowpass 
filter of minimum bandwidth will do 
more to improve the performance of a 
demodulator than any other single thing, 
assuming a high-voltage loop supply is 
already being used. Vic Poor6 pointed 
out in his outstanding article on RTTY 
filters that this filter should cut off at 
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27.3 Hz for 60 speed (45.45) Baud 
operation, and set up the criteria for 
testing such filters. The active lowpass 
filter in the TT/L was built with these 
features in mind. Fig. 1 shows the curve 
obtained with the ST-6. The observed 
"eye pattern" was ideal, indicating opti-
mum cutoff for 60 wpm. The active 
filter is one that uses feedback circuits 
with amplification rather than passive 
components (inductors, etc.). This gives 
consistent uniformity from one unit to 
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fig. 1. Bandpass curve for the 
low-pass active filter used in the 
ST-6. 

another, small size, modern design, light 
weight, low-cost components and free-
dom from magnetic fields and hum. 

The ate threshold corrector This section 
provides the automatic symmetry needed 
for the slicer to minimize distortion when 
using limiterless a-m reception. It also 
enables mark-only or space-only recep-
tion. It is beneficial even with the limiter 
in use as it offers a form of diversity 
reception, capitalizing on the redundancy 
of the mark and space signals. As a 
good minimum-bandwidth lowpass filter 
changes square-wave inputs to sine-wave 
outputs, such a threshold corrector is 
practically a requirement for proper 
zero-axis crossover at the slicer. 

The slicer This is another 709C opera-
tional amplifier running in "open loop" 

for maximum gain. It is heavily frequency 
compensated since the signals handled are 
at nearly dc. The output of the lowpass 
filter is so clean and the gain of this stage 
so high that signals as low as 1 Hz shift 
will adequately swing the output from 
full mark to full space. No hysteresis was 
either necessary or desired. 

The control section The output of the 
slicer is followed by a simple control 
section that allows a mark-hold voltage to 
be placed on the keyer stage when there 
is no authentic RTTY signal, putting it in 
mark-hold. This same control section 
allows simple use of the Sel-Cal7 unit 
some enthusiasts have built for autostart 
purposes. It responds only to their own 
call letters. The control section is part of 
the manual standby system. 

The loop supply This is a 180-volt supply 
that gives virtually distortion-free keying 
of the Teleprinter. A voltage-absorbing 
network is used on the collector of the 
keying transistor to protect it against 
excessive back-emf of the printer magnets 
which could otherwise occur if two or 
three printers were used on the same loop 
supply. The loop also puts out plus-minus 
voltages at the FSK output for best 
transmitter keying. It also adapts instant-
ly (with no changes) to the Mainline 
AK-1 AFSK Keyer8 for ssb units. It also 
offers narrow-shift cw identification. 

Normal loop current is approximately 
60 mA. This means the selector magnets 
of the printer and/or reperf should be in 
parallel. This keeps the inductance in the 
circuit at 25% the value it would be were 
the; selector magnets in series. If a reperf 
and printer are to be in the same circuit 
at the same time, they would then go in 
series with each other, both having their 
own selector magnets in parallel. For 
solid-state keyers the lower the induc-
tance the better due to "spikes" gener-
ated by the back-emf of the inductors in 
a collapsing field. 

The power supply This plus-minus 12-volt 
supply is transistor and zener-regulated 
for good stability. It is heavily fused to 
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prevent any damage during long periods 
of unattended operation and is bypassed 
for rf. 

The anti-space circuit A "b lank" key has 
the longest continuous amount of space 
time of any R T T Y character, about 132 
milli-seconds. Any space signal longer 
than this cannot be R T T Y . The anti-space 
system samples the mark-space output of 
the slicer. If the signal goes to space more 
than 132 ms the system says " t i l t " and 
locks the printer to mark-hold, at the 
same time turning the automatic printer 
control off and starting the countdown 
on motor delay cutoff. Thus, if a person 
is checking his shift at the other end, 
your printer does not sit there running 
"open." This also gives greatly improved 
protection from a non-RTTY signal in the 
space channel from activating the auto-
matic printer control and turning the 
motor on. This system works just as 
effectively with the limiter on or off, 
with the autostart on or off and with 
straddle tuning of any shift. No pro-
visions for disabling it were provided. If 
this were needed, a switch to short the 
base of Q7 to ground would be suitable. 

Tuning meter Although labeled as option-
al this is a most worthwhile device. Many 
amateurs prefer a scope for tuning, but 
this type of meter gives satisfactory re-
sults. It is better than most scope displays 
for straddle tuning where the incoming 
signal is not very accurately adjusted for 
correct shift, i.e. the operator might be 
using 600 shift, thinking it was in reality 
850. The tuning meter is also helpful in 
adjusting the ST-6, although any volt-
meter can be used for alignment. 

Automatic printer control This system is 
normally called autostart. It is a unique 
squelch system that responds only to 
authentic RTTY , or to a steady mark 
carrier. A steady space carrier wil l not 
affect it due to the anti-space system. It 
samples both the mark and space chan-
nels for a signal having a duty time in 
excess of about 75%. Since most cw has a 
duty time of less than 50%, and most 
voice signals a duty t ime of perhaps under 
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30%, this system responds almost exclu-
sively to R T T Y signals. 

To get the 75% duty time requirement 
an analog charging circuit is used. Since 
this is based on fm squelch principles, the 
use of limiterless a-m is not compatible 
with this system and is disabled if the 
limiter is turned off. Since momentary 
static crashes, deep fades and other 
temporary interference could cause the 
system to decide there was no longer any 
R T T Y present, a one-second delay is 
incorporated into the shut-off feature. 
This in turn requires about a 3 to 4 
second turn-on delay to obtain 75% 
recognition. Other ratios are shown in 
table 1 for those who may wish to experi-
ment. 

Internal construction of the ST-6 
built by the author. A total of eight 
printed-circuit boards are used. 

The higher ratios (like 8:1) wil l only 
respond to the very best R T T Y signals 
and wil l not try to copy those signals that 
would normally produce garble, but 
would lock up if the signal deteriorated 
momentarily. Perhaps their biggest dis-
advantage is the long turn-on time: 6 to 7 
seconds. This is the equivalent of about a 
half-line of R T T Y . 

The system used for automatic printer 



table 1, Autostart ratios which may be used for protection from printing garble from marginal signals. 

duty time time 
ratio time R61 R 5 9 R 6 0 to on to off 

2:1 67% 5.1k 390 4.7k 1.80 .88 
3:1 75% 3.6k 2.4k 4.7k 2.48 .84 

3.3:1 77% 3.6k 2.7k 5.1k 2.74 .86 
4:1 8 0 % 3.3k 3.9k 6.8k 3.53 .87 
5:1 83% 3.0k S,1 k 6.8k 4.16 .84 
6:1 8 6 % 3.0k 6.8k 8.2k 5.25 .88 
7:1 88% 3.0k 9.1k 9.1k 6.38 .90 
8:1 89% 3.0k 10k 11 k 7.35 .93 

control in the Mainline series is unique in 
that it requires no special call-up or 
turn-off characters. As a result, it is 
extremely useful for normal R T T Y QSOs 
where autostart itself would not be con-
sidered by the operator. In this case 
automatic printer control is a more vivid 
and realistic description of the system 
than autostart. 

Motor delay This feature allows the auto-
matic printer control to place the printer 
in mark-hold without turning the motor 
off. During poor conditions, it is a nui-
sance to have the motor turning on and 
off. During fast break operation the 
motor could turn off if it took more than 
approximately one second for the other 
station to respond. Also, the FCC re-
quires cw indentification between trans-
missions, and this would normally cause 
the motor to turn off if no delay system 
were used. The motor delay in the ST-6 
keeps the motor running for 20 to 30 
seconds after the autostart system thinks 
there is no further R T T Y present. 

Loop supply cutoff A feature is incor-
porated in the ST-6 that opens the loop 
supply to space whenever the motor relay 
turns the motor off. Otherwise there is 
some 10 watts of heat in the cabinet from 
the 2750-ohm, 20-watt loop-current 
regulating resistor. This is not detri-
mental, but serves no useful purpose, and 
consumes an additional 10 watts of un-
necessary power when the printer is not 
running. 

Fuses The ST-6 probably has more fuses 
in it than any other item in your entire 
station. They aren't all necessary, but for 
unattended operation good fusing is 
worthwhile. Receivers, transmitters and 
other electronic items have been known 
to develop partial shorts in the high-
voltage secondary systems, destroy com-
ponents which may occasionally catch on 
fire, ruin transformers and still not blow 
the fuse in the primary! This is often 
because the secondary has several wind-
ings. By merely fusing the primary, it is 
hard to select a fuse that will quickly 
blow if the secondary pulls excessive 
current in one of the windings. 

Thus the ST-6 fuses each secondary 
winding as well as the combined pri-
maries. The jack for the motor is not 
fused (and should not go through the 
on-off switch) since the printers have 
their own protective fuses. The relay 
handles the motor current. 

On the printed-circuit boards from 
Halle,* the indicator lamps also run 
through the fuses. In the event you add 
those lamps, you may find it necessary to 
increase the size of the fuses somewhat. 

Rf protection The operational amplifiers 
have such fantastic gain that precautions 
should be taken to prevent amplification 
of nearby rf signals, because their useful-
ness is destroyed while that rf is present. 
The ST-6 bypasses the 120 Vac input 
line, the power supply output, and iso-
lates the plus-minus voltages to each op 
amp to prevent any instability or oscilta-
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t ion. Thus, no adverse affects have been 
noted from nearby kilowatt transmitters. 

Scope connections Provisions have been 
included for connecting an oscilloscope, 
the 1 megohm isolating resistors provide 
adequate protection against the low-
impedance scope inputs from affecting 
discriminator balance. If you incorporate 
a scope it should be an external unit that 
plugs into the rear of the ST-6. This 
allows the scope to be used for other 
demodulators, to be larger than the 1" or 
2 " display the ST-6 cabinet might allow, 

ables the autostart (turns the motor on 
and keeps it on). There is also a jack for 
an external remote standby switch. Fig. 2 
shows how this can be used. Switches S10 
and S11 would be placed at or on the 
printer itself; S10 as a standby switch and 
S11 as the transmit control switch. This 
not only automatically turns the trans-
mitter on, it mutes the ST-6 so incoming 
signals for the tuning meter or scope do 
not affect the transmitted signal — with-
out this provision acoustical feedback 
could cause incorrect signals to be trans-
mitted. By placing these two switches 

fig. 3. Simple lamp cir-
cuit to indicate standby 
and receive. Resistors 
marked with asterisk 
are selected for normal 
lamp current. 
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and allows the operator to run the ST-6 
twenty-four hours a day for autostart. 

the switches 

51 is a dual-purpose switch to change 
the unit from fm to a-m reception. When 
in a-m limiterless, it also disables the 
autostart system, putting the motor auto-
matically to on, 

52 is the normal-reverse switch. It is 
not necessary, but there are rare occa-
sions when a newcomer is "upside-down" 
and you may want to see who it is. Many 
people wi l l leave this switch completely 
off their unit. 

53 is the local standby switch. This 
places the printer in mark-hold and dis-

TO sr-e REMOTE 
STOWW UNE 

o • 
TO 

transmitter 
o 

\ \ \ 
r h 

fig. 2. Station switching. S11 and S12 normally 
located near printer. Standby switch S11 keeps 
machine from printing; station control switch 
S I 2 puts the transmitter on the air and mutes 
the ST-6 for local copy. 

next to the printer single-switch station 
control may be used, and the ST-6 can be 
across the room out of arm's reach. This 
offers maximum versatility plus simple 
fast-break operation. 

54 is the fast-slow autostart; it also 
turns the motor on when in fast and 
keeps it on. The fast system uses the same 
ratio of turn-on to turn-off times, but 
speeds them both up. This makes it 
convenient to use automatic printer con-
trol for fast break, but gives inadequate 
protection against momentary signal loss 
during unattended operation. 

55 merely turns the automatic printer 
control of f , allowing manual operation 
via the standby switch S3 or S10. (S10 is 
not shown on the schematic, it is shown 
on fig. 2.) 

56 is the manual motor on switch. It 
keeps the motor running regardless of any 
other switch position except the power 
off switch, S7. 

57 turns the 120 Vac power on and 
off , and opens the FSK line when in off , 
to prevent any hum loops from the FSK 
keyer in the transmitter. This could be 
annoying when using voice or normal cw 
if the ST-6 were in the off position. This 
is normally no problem, but the switch is 
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available for this purpose if you want to 
use it. 

standby-receive lamps 
Fig. 3. shows how lamps may be added 

to indicate standby and receive. When the 
manual or remote standby switch is acti-
vated the standby lamp turns on, whether 
the receive lamp is on or not. The receive 
lamp works only from the output of the 
automatic printer control system. 

Thus it is possible to have both lamps 
on at the same time. This tells the 
operator he has selected manual stand-
by. As a result he is informed that he is 
not in automatic reception mode at all, 
and before leaving the room he must turn 
off the standby switch (S3 or S10) if he 
expects to get automatic copy. It makes 
an excellent fail-safe reminder. 

If you prefer an indicator for mark 
and space signals, attach the 10k resistor 
in fig. 3 to pin 6 of U4. In this case the 
diode on the collector of Q12 is removed. 

850-170 switch 
If incorporating both 850 and 170 

shifts, duplicate the front end up to but 
not including the first 16k resistor on U3. 
Then a multipole two-position switch 
would be used to switch the audio input, 

'Printed-circuit boards and complete parts kits 
for the ST-6 are available from several sources, 
including Hal Devices, Post Office Box 365, 
Urbana, Illinois 61801. This firm offers various 
options and has a brochure available on request. 
The printed-circuit boards are designed for the 
14-pin dual-inline op amps. Hal Devices also 
have a unique power transformer available that 
has windings for both the loop voltages and 
plus and minus dc supplies. 
For Canadian builders, arrangements have been 
made with Space Circuits Ltd. to provide 
printed-circuit boards for Canadian amateurs. 
Write to Hugh Watt, VE3HY, President, Space 
Circuits Ltd., 156 Roger Street, Waterloo, 
Ontario, Canada. 

the output of the two U2 stages, the 
output of the U1 limiter for the limiter-
less a-m mode, and the two 47k resistors 
on the inputs to the U1 stages. The scope 
display for mark and space probably 
should be switched as well as the output 
to the meter and autostart at point 2. 
Other poles can be used to ground the 
audio input of the unused limiter off. I 
used a two-section (6 poles per section) 
two-position ceramic switch. 

fig. 4. Circuit for adding frequency-shift 
keying to your transmitter. If your signal is 
"upside down," turn the diode around. 

construction 
The unit shown in the pictures uses 

printed-circuit boards. There are six dif-
ferent boards. For both 170 and 850 shift 
the first two are duplicated, making a 
total of eight.* The boards are laid out by 
function as follows: 

1. Bandpass input and limiter U1. 
. Discriminator and U2. 

3. Lowpass filter, slicer, keyer and 
anti-space. 
4. Autostart, standby, meter, delay 
system. 
5. ±12V volt regulated power supply, 
lamp drivers, meter driver Q10. 
6. Loop supply (and room for motor 

relay). 
Room for all parts is included on the 

boards except for the control switches, 
meter and the two transformers. The 
boards are approximately 2% inches high 
by about 6 inches long and plug into 
12-pin connectors such as the Amphenol 
143-012-01. This is not only neat appear-
ing, it allows the boards to be removed 
easily for other shifts or to try various 

j a n u a r y 1 9 7 1 0 13 



LIMITER DISCR/DETECTOR 

a 

STANDBY | AUTO START 

fig. 5. Schematic diagram for the Mainl ine ST -e R T T Y terminal unit. Contacts o n refay K t B open 
the loop when the motor is off. 
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SUCER SI limiter on-off, also disables autostart 

J3 
{£)X£YtR 

M 
cm ID 

52 normal-reverse switch, keep wiring 

short 

53 standby, also turns motor on 

54 fast-slow autostart, fast keeps motor 

on 

55 autostart off, keeps motor on 

56 manual motor on 

57 power ort-off, also ground fsk line 

when off 

T1 isolation transformer, 115 Vac, 0.3 A 

(Triad N-51X) 

T2 filament transformer, 28.6 Vac, 1 A 

(Triad F-40X) 

Diodes marked " G " are 1N270 ger-
manium. 

Diodes marked "S" are silicon, 50 piv 

unless otherwise noted 

discriminator values 

170 850 

2125/2295 2125/2975 

6800 

100k 

6800 
270k 

.068 

.056 

.02 

4700 
33k 

6800 
180k 

.068 

.033 

.03 

Large schematics are available directly 
from the author for easy-to-follow con-
struction. $1 in USA or Canada, $2 US 
for airmail elsewhere. 

SUPPLY 
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circuit changes the operator may wish to 
experiment with. 

The unit shown in the photos was 
built into a 1 0 x 1 2 x 3 inch chassis, and 
covered with shelf paper from the local 
dime store. This makes an attractive way 
to cover the aluminum chassis and pro-
vides an excellent base for rub-on labels. 

No shielded lines were used except to 
the external scope jack. The normal-re-
verse switch should be as close as possible 
to board 3 to keep the leads short. The 
connectors and switches were all wired 
before placing them in the chassis. 

are S I , S4, the receive lamp, the standby 
lamp, the tuning meter and the power-on 
indicator. The latter is superfluous if you 
have either the meter or the indicator 
lamps. On the bottom row are S2, S6, S5 
and S3, and in the bottom right-hand 
corner, S7. 

On the rear from left-to-right are the 
remote standby jack, remote scope jack 
(2-way type), audio input (600 ohms), 
printer motor, FSK output, fuse, and 120 
Vac input. 

No cw identification jack was provided 
as I normally hook that into the fsk line 

shift C I C 2 C 3 

170 .15 .056 . IB 
859 .015 .018 .015 

fig. 6. Optional bandpass 

C 4 C 5 CG C7 

— .15 .056 .022 
.01 .015 .018 .01 

input filter. 

C8 L I ,2,3 R1 

.022 22 mH 1600 

.015 88 mH 2700 

tuning frequencies 
R2 s e d sec2 sec3 

2200 2195 219S 2195 
3300 2400 2 3 0 0 2400 

Adequate spacing is 1" between 
boards, with board 6 (loop supply) facing 
the open air with its 2750 ohm, 20 W 
resistor. This board would be somewhat 
more than 1" wide when all the parts are 
mounted. 

The printed-circuit boards sold by 
Halle have transistor connections for 
Motorola transistors. The Q1, Q8 and Q9 
transistors have connections that differ 
from the others. If you use R C A or GE 
transistors, be careful to install them 
properly. About 0.4 watt will be dissi-
pated through Q8 and Q9. 

panel layouts 
In case you cannot read the printing 

on the photos, the 170-860 switch is at 
the far left. Next to it on the upper level 

externa/ly, but another jack could be 
provided as suggested in the schematic. 

tuneup 
The ST-6 is very simple to align, and 

once done, should not require any further 
attention. No pots are located on the 
front or rear panels. Complete alignment 
is as follows: 

1. Unhook the audio input. Place a dc 
voltmeter at test point 1 on pin 6 of 
U1. Adjust the 25k pot on pin 3 of U1 
so the meter reads zero. This is a very 
touchy adjustment due to the high 
gain of the 709C op amp, so get it as 
close to zero as is convenient and leave 
it —this adjusts the offset input 
balance which allows the op amp to 
run at its maximum gain level. 

18 EB i a n u a r Y 1 9 ? i 



2. Either move the dc meter to test 
point 2 on the discriminator or ob-
serve the tuning meter on the front 
panel. Connect audio to the ST-6 and 
tune between mark and space signals, 
adjusting the 5k pot on pin 6 of U1 
for equal readings on the meter. This 
balances the discriminator. 

3. If using the tuning meter, with 
maximum mark indication, adjust the 
meter sensitivity pot on the emitter of 
Q10 so the meter reads 70% full scale. 
Hopefully it will have markings each 
0.1 of full scale. Now detune the input 
frequency to the point where the 
meter reads 60% of full scale. Place the 
voltmeter on test point 4 on pin 6 of 
U5. Adjust the 5k pot on pin 3 of U5 
so the voltmeter cannot decide to stay 
positive or go negative. This sets the 
autostart sensitivity to approximately 
±3 dB bandwidth - about ±45 Hz for 
170 shift and about ±100 Hz for 850 
shift. If both discriminator boards 
have been included, set this adjust-
ment in the 170 shift position and 
take what you get for 850 (850 is 
much less critical than 170 shift). 

If a tuning meter was not incor-
porated on the front panel, use a 
voltmeter at test point 2. Tune for 
maximum mark and note the meter 
reading. Multiply this by 85%, and 
retune the input frequency for this 
new meter reading. Then proceed to 
adjust the pot on U5 so the voltage at 
test point 4 cannot decide if it should 
stay positive or go negative, 

tuning the filters 
Access to a digital counter makes this 

job very simple. The Mainline TT/O 
semi-counter9 also makes the job very 
easy. That unit is low cost and hooks to 
an existing oscilloscope but is quite 
accurate when compared to anything but 
a true digital counter. The values of the 
capacitors in parallel with the toroids in 
the bandpass input filters and discrimina-
tors are only approximate. With toroids 
that can vary 2 to 3% and capacitors that 

are ±10%, you can miss the desired 
frequency by as much as 150 Hz. 

When tuning the bandpass input fil-
ters, a review of my filter article might 
be of interest.10 Basically the procedure 
is as follows: 

1. Disconnect the input and output 
lines. 

2. Disconnect the resistors at input 
and output of the filter. 

3. Short out the center toroid with a 
piece of wire. 
4. Tune the first section. 
5. Tune the third section. 
6. Remove the shorting wire from 

the center section and short the first 
and third toroids to ground. 

7. Tune the center section. 
8. Remove all shorts. 
9. Connect the resistors. 

10. Connect the input and output 
lines. 

Room has been provided on the circuit 
boards for as many as three tuning 
capacitors for each toroid. This should 
allow easy, precise tuning without adding 
or removing turns of wire from the 
toroid. 

The coupling capacitors on the band-
pass input filters (C7 and C8) should not 
be changed from those indicated. 

A good method for final checking of 
discriminator tuning is to put a meter at 
test point 2 and tune for maximum. Then 
tune off on the high side to a slightly 
lower meter reading, note that frequency; 
tune for the same reading on the other 
side of center and note that frequency. 
Average the two to get the best center 
frequency and change as needed to get 
the frequency you want. 

low tones 
This is a subject that is difficult to 

discuss as part of a demodulator article. 
Mark tone is customarily 2125; space 
tone is customarily 2295 for 170 shift or 
2975 for 850 shift. Years ago, when these 
tones were selected good mathematical 
reasons were used. They are an excellent 
compromise between channel separation 
for harmonic suppression and adapt-
ability to communications receivers. 
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table 2. Components for low-tone 
criminators. 

170 850 

1275/1445 1275/2125 

R ' A ' (R1) 2.7k 1.5k 
R'B' (R2) 27k 8.2k 
R'C* (R3) 2.7k 2.2k 
R'D* (R4) 240k 160k 
C ' A ' (C1) .IB /UF .18 /iF 
C'B' (C2) .12 + .018 JUF .068 UF 

C ' C (C3) .022 [IF .033 jUF 

Many ssb receivers use 2100 Hz audio 
filters in the i-f and are limited to the 
range of 300-2400 Hz. Thus, many opera-
tors complain that they cannot receive 
the 2975 tone and assume there must be 
more appropriate audio tones. Many 
operators feel that 1275 and 2125 would 
be suitable. These tones can be used and 
for several years I used them on my 75S-1 
receiver and Electrocom demodulator. 

However, they are not recommended, 
particularly if a linear discriminator is 
used in the demodulator to separate mark 
and space tones after the limiter. 

It is very simple with most receivers to 
change the bfo frequency with a new 
crystal so that an audio range of 
1400-3500 Hz is obtained instead of 
300-2400 Hz. The Collins S-line, the 
Heathkit SB-line and many others require 
only a new bfo crystal about 1 kHz lower 
than that normally used for ssb reception. 

The Collins 75A4 and most Drake 
receivers have passband tuning which 
automatically allows reception of tones in 
excess of 3 kHz. 

Component values for discriminators 
for 1275-1445 shift and 1275-2125 shift 
are shown in table 2 for those who 
wouldn't build the ST-6 otherwise. No 
bandpass input filters have been designed 
for these shifts nor are any contemplated. 

relay circuit 
Just a word about an unusual fea-

ture — Q6 has a 500-ohm resistor in its 
collector circuit. Q6's only purpose is to 
afford a similar current drain on the 
power supply when the relay is not being 
used, hence voltage regulation is materi-
ally aided. This can be omitted if you are 
not a purist. 

The 47k resistor on U1 was picked for 
limiterless operation, without the band-
pass input filter. If using the filter, you 
will want to change this resistor to a 470k 
(or whatever value gives adequate meter 
indication) when running limiterless and 
using normal audio level on the receiver. 

controlled limiting 
In limiterless operation if the audio 

input is more than is needed to reach 

I - INVERTING . 
INPUT <(500 

m • NON-INVERT-
ING INPUT 

-I2V 

fig. 7. Al l operational amplifiers used in the 
ST-6 must be compensated and decoupled as 
shown here. For U1, Ct 11 is 47 p F and C211 is 
3 pF. For integrated circuits U2 through U7, 
C111 is .005 IXF and C211 is 200 pF . 

normal meter reading, then the unit goes 
into modest limiting, sometimes called 
controlled limiting. This is no longer 
linear a-m, nor is it hard limiting for fm, 
but somewhere in between. Some people 
feel this gives excellent results, but of 
course you need sharper filters than a 
linear discriminator offers to take full 
advantage of any limiterless mode. 

cost 
The approximate cost using all new 

parts is $100 for one shift, using vector 
boards and no PC boards. With both 170 
and 850 shift, using the drilled PC boards 
with connectors, the new-item cost 
should be around $150. 

parts suggestions 
Meters may be obtained for as low as 
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$2.98 from Radio Shack. That is the 
meter shown on the ST-5. It did a nice 
job. The one shown on the ST-6 is an 
imported Micronta movement. 

The op amps are the 709C types, and 
Motorola, Fairchild, Texas Instruments, 
National Semicondictor, and Signetics all 
make them. The PC boards were made for 
the round TO-5 type that has eight leads. 
Prices are dropping constantly. They were 
$12 each when I first started using them, 
but at the time this article is being 
written they are $1 each in small quanti-
ties. 

The pots used for the PC boards are 
the 390 Mallory MTC-L1 type for vertical 

M i ImA 

fig. 8. Optional tuning meter for the ST-6. 

mounting. IRC type X-201 at 390 are 
similar. 

Any 24 Vdc dpdt relay should be 
adequate. The resistor on the collector of 
Q6 would be chosen to have the same 
value as the dc resistance of the relay, 
such as the Potter and Brumfield 
KA11DG at $3.90. 

The small 0.1 /J.F 25V capacitors used 
on each op amp can be the 210 Sprague 
HY-550. Both Centralab and Sprague 
make 1.6 kV ceramic capacitors used for 
bypassing the 120 Vac line. The other 
small value capacitors can be Sprague 
Orange Drop Mylar types, 75 V where 
obtainable, to keep the size small. Typical 
price 18?!. The 10-, 20-, 150-, and 350-/iF 
capacitors can be Sprague type 30D. The 
large 100- and 1000-juF types can be 
Sprague TVA. 

Diodes marked G are 1N270 german-
ium; those marked S are silicon with 50 
volts PIV except in the loop supply where 

400 PIV minimum are needed. The zener 
diodes can be 400 mW or more, prefer-
ably 1 W in the power supply. 

Transistors are not critical except in a 
few places. Q1 should be rated for at least 
300 volts; the Motorola MJE-340 is rec-
ommended ($1.06). The MJE-340 can 
also be used in the power supply for Q8. 
An MJE-370 can be used for Q9 as well as 
many other types handling 5 W or 
more — these two being 25 W types. The 
other transistors can be literally any that 
are rated for at least 15 volts or more. 
Those for Q5 and Q6 should be rated at 
30 volts or more. 

Recommended low-cost transistors for 
Q2, Q3, Q4, pnp, MPS-3703 (390); Q5, 
Q6, npn, MPS-6565 (520); Q1, Q8, npn, 
MJE-340 ($1.06); Q9, pnp, MJE-370 
($1.07); Q7, Q10, npn, MPS-3394 (270); 
Q11, pnp, MPS-6518 (670); and Q12, 
npn, MPS-3395 (450). 

The Stancor PA-8421 makes an excel-
lent loop transformer. Other 24 Vet, 0.5 
A units should be suitable for the power 
supply. 

The lamps should be low current 
types, hopefully under 50 mA. Those 
shown are the Sylvania 925 cartridge 
indicator lamps using 15 to 20 mA. If 
you use lamps that pull 80 mA each, 
change the 10k resistor to the bases of 
Q11 and Q12 to 4.7k. 

The Muralite 1-28/40 indicator is ideal 
for the ST-6. This lamp is rated at 10,000 
hours life and may be used with voltages 
from 12 {25 mA) to 28 (40 mA). They 
are 390 each from: Western Radio, 1415 
India Street, San Diego, California 92101; 
Attn: Gary Pierce Amateur Store Mana-
ger. 

They are available in violet, red, white, 
green, blue and amber. Gary suggests you 
specify "violet leads" as this apparently 
identifies the L-28/40 bulb, not the color 
of the lens. These lamps are complete and 
are normally distributed through the 
Mura Corp. 355 Great Neck Road, Great 
Neck, New York 11021. The Sylvania 
lamps wil l run around $2.25 each by the 
time you get the cartridge lamp, lens and 
holder. 

The 709C op amps are now only $ 1.00 
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each from Texas Instruments distributors 
in the 14-pin dual-inline style, and $1.25 
for the round 8-pin TO-5 style. By the 
time this article appears in print it is 
possible prices could be even lower; as of 
now the other brands cost about $2.60 
each. Texas Instruments uses their own 
designations for the 709C op amp: 
SN72709N for the 14-pin dual-inline 
package and SN72709L for the TO-5 can. 

performance 
The ST-6 outcopies any other de-

modulator I have tried. It does not run 
away from the TT/L-2, but the ST-6 
seems to do better most of the time. 
Other operators who have built the ST-6 
report similar experiences, and one en-
thusiast sold both his TT/L-2s and has 
replaced them with ST-6s. The unit only 
pulls 5 to 7 watts in standby when the 
motor is off, so it can run 24 hours a day 
without affecting the monthly electricity 
bill. The convenient switching system 
makes it very simple to use. 

The ST-6 is designed for 600-ohm 
input. Most receivers have such an output 
available somewhere (on the Collins S-line 
it is the anti-vox jack). In some receivers, 
such as the Drake, there is no 600-ohm 
output. You will throw away about 30-
dB potential limiting in the ST-6 if you 
use the 3.2-ohm speaker line, but small 
3.2-ohm to 600-ohm transformers are 
available for under $1 from most dis-
tributors. 

other op amps 
Some people have asked why I did not 

use newer, more exotic op amps. Most of 
the newer devices are internally fre-
quency compensated (such as the 741, 
for example), and not at all suited for 
audio use. They have other excellent 
qualities and could be used in the ST-6 at 
places other than U1 and U2. Their cost 
is such that even with external compensa-
tion, the 709C is still cheaper. The 709C 
already has so much inherent potential 
performance it would be similar to run-
ning the TT/L-2 with perhaps 7500 volts 
on the plate of each tube. 

100 speed 
For those needing 100 speed, change 

the two 16k resistors at the input of U2 
to 10K, and change the capacitor be-
tween pins 2 and 6 of U2 to 60% of its 
usual value. That is, for normal 60 speed 
with the 850 shift discriminator for 
2125-2975, the normal 0.03-juF capacitor 
would be changed to 0.018 /xF. 

The unit would then receive 60, 75 
and 100 speed. Do not attempt to switch 
these items around, just leave it for 100 
speed. 

conclusion 
The ST-6 offers the RTTY enthusiast a 

high-performance solid-state demodula-
tor. It has features similar to those in the 
Mainline TT/L-2 but with greater in-
herent capabilities. It has automatic 
printer control which is useful for un-
attended autostart operation as well as 
for normal QSOs. Printed-circuit boards 
are available which simplify the con-
struction and make it possible for the 
home enthusiast to make a commercial-
looking unit with only simple tools. 
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Iintermittent 
of 

power tubes 

The power capability of a transmitting 
tube is often the subject of long and 
heated discussions among amateurs (and 
even among equipment design and tube 
engineers). In the past, amazing things 
have been done to power tubes by daring 
amateurs who seemingly had an inex-
haustible supply of replacement tubes at 
hand.1 The tube manufacturer looks 
upon such goings-on with mixed emo-
tions; he's proud his products can take 
such a beating, but. he shudders at the 
gross overload he knows is taking place, 
and he has nightmares when he imagines 
that such tactics are being done by users 
who may be ignorant of the basic limita-
tions of vacuum tubes. Sometimes that 
manufacturer may be his own worst 
enemy. When he speaks of the rugged-
ness, long life and reliability of his 
product, he may unintentionally be invit-
ing some eager-beaver to prove the utter 
conservatism of his remarks. 

Up to now, tube ratings have been 
based upon an absolute system providing 
" m a x i m u m " ratings and "typical" 
operating conditions for various classes of 
service, for use below a certain specified 
frequency. These ratings are designated as 
Continuous Commercial Service (CCS) 
and Intermittent Commercial and 
Amateur Service ( ICAS). The CCS rating 
may be defined as, "that type of service 
in which long tube life and reliability of 
performance under continuous operating 

voice operation 
conditions are the prime consideration.2" 
The ICAS rating is defined to include the 
many applications where the "trans-
mitter design factors of minimum size, 
light weight, and maximum power output 
are more important than long tube life." 
The term "intermittent" is used to iden-
tify operating conditions in which no 
operating or "on " period exceeds five 
minutes and every "on " period is fol-
lowed by an "o f f " or standby period of 
at least the same or greater duration, 

g These ratings are of cold comfort to 
g today's radio amateur. The first rating 
.5 applies to high-reliability service (broad-
E cast, military, etc.) wherein off-the-air 
2= time is critical or costly; and the second 
cj rating, by its very definition, excludes 

amateur operation in meaningful terms. 
"j= Neither classification, moreover, applies 
U to ssb or cw operation. Ssb and cw are 
<§ more properly expressed in terms of 
- peak-to-average power ratio rather than in 

.2 terms of "on" and "o f f " periods. 
•2J Before new and meaningful ratings are 

proposed for today's operational modes, 
c it would be prudent to look for a 

moment at transmitting tube ratings now 
- in use and examine their validity. Con-
^ trary to often expressed belief, maximum 

< ratings and typical operating conditions 
s! are not arbitrary figures dreamed up by 

the manufacturer to avoid answering 
< legitimate questions posed by users. On 
<o the contrary, they are the result of 
^ careful analysis of tube geometry and of 
£ prolonged life tests run on typical pro-

duction tubes with some guaranteed or 
E expected life in mind. Properly under-
J ! stood, the maximum ratings and typical 
3 operating conditions can be employed by 

24 3B january 1971 



the tube user to decided advantage. 

transmitting tube ratings 
Maximum ratings (or absolute maxi-

mum ratings) are those limits within 
which all tubes of a given type should 
give satisfactory service and long useful 
life. Why they are necessary at all and 
how they are determined are discussed in 
this article. 

The data sheet (often suspected of 
being written by the wise to impress the 
humble) informs the user of the capa-
bilities and limitations of the tube, both 
of which are based upon the maximum 
temperature the elements of the tube can 
safely withstand for an expected life. 
Heat, then, is the enemy of unlimited 
tube life, but heat is the unfortunate 
consequence of making the tube work. 
Once the maximum tube capability is 
determined a compromise of some kind 
must be made to establish useful life 
without exceeding the heat limitations, 
yet allowing some safety factor for 
"cockpit troubles." 

maximum plate dissipation 
Plate dissipation is limited by the 

maximum safe temperature of the plate 
and plate-to-glass (or ceramic) seals of the 
tube. Generally speaking, the plate will 
withstand several times its maximum 
rated dissipation level for a short period 
of time. Other parts of the tube (glass 
envelopes, mainly) are greatly affected by 
the excessive heat radiated by the plate. 
High level of plate temperature may cause 
the grid, filament or envelope to become 
overheated. The grid structure may warp, 
the filament temperature may rise to an 
excessively high degree, or the tube 
envelope may be destroyed. These ef-
fects, however, are not instantaneous, and 
short periods of plate overload do not 
usually overheat the adjoining tube struc-
ture to a damaging extent. However, the 
user has no way of telling to what degree 
he can safely exceed the plate dissipation 
limit, or over what period of time this 
abuse can take place. The obvious con-
clusion is that the maximum plate dissipa-
tion rating should not be exceeded in 

continuous operation if long tube life is 
desired. 

maximum plate voltage 
The maximum plate voltage point is 

set at a value above which the internal or 
external insulators of the tube may arc 
over, or above which the envelope of a 
glass tube may be damaged from dielec-
tric losses. Finally, a plate voltage ceiling 
tends to set a limit to the maximum rf 
charging current flowing in the plate and 
screen leads, or plate and grid leads in 
grounded-grid service. The charging cur-
rent is a function of the rf plate voltage 
which, in turn, is a function of the dc 
plate voltage. Setting a limit on the dc 
voltage sets a limit on charging current 
without the difficult task of determining 
the current directly. This effect depends 
on frequency and is the reason for the 
upper frequency limit for maximum 
ratings. 

average dc plate current 
The fundamental limit on plate cur-

rent is the available supply of electrons 
emitted by the filament or cathode of the 
tube. The maximum plate-current figure 
is intended to set a value which may be 
easily realized throughout the expected 
life of the tube. If operating conditions 
are chosen which require that the maxi-
mum plate-current limitation to be ex-
ceeded at the start of tube life, it may 
become increasingly difficult to maintain 
the desired value of plate current as the 
tube ages. There is a definite relationship 
between the maximum instantaneous 
value of plate and grid current and" the 
average dc (meter reading) plate current 
which differs for each class of tube 
operation. In linear-amplifier service, for 
example, most transmitting tubes are run 
class A B i , AB2 (loosely termed class B).* 
In these cases, the peak plate current is 
about three times the indicated (average) 

*Most class-B linear amplifiers are operated in 
class A B g . Class-B operation is defined as cutoff 
operation with an 180 operating angle of plate 
current f low. Class AE?2 operation signifies less-
than-cutoff condition with more than 180 
operating angle. 
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dc plate current. For long life, the 
cathode emission should be great enough 
to provide two or three times the re-
quired peak value of plate, plus grid, plus 
screen current. 

The user can quickly determine the 
allowable average dc plate current in 
linear service for thoriated tungsten fila-
ment-type tubes by merely multiplying 
the filament watts by a factor of about 
5.5. This is a rule-of-thumb number 
that - over the years — has proven to give 
a conservative balance between allowable 
plate current and good tube life. For the 
3-500Z, therefore, the filament power is 
5 (volts) x 14.5 (amperes) = 72.5 watts. 
Therefore, allowable maximum average 
dc plate current for linear amplifier ser-
vice is 72.5 x 5.5 = 400 milliamperes. 

In the case of an indirectly heated 
cathode the rule-of-thumb is different. 
Emission from an indirectly heated 
cathode depends upon the emissive mate-
rial and the active cathode area, assuming 
cathode temperature is the proper value. 
The rule-of-thumb in this case for oxide 
cathodes is that maximum average dc 
plate current is approximately 125 milli-
amperes for each square centimeter of 
cathode area. For example, the 4X150A 
tetrode has an active cathode area a little 
over 2.0 square centimeters and the 
average dc plate current rating is 250 
milliamperes. 

long pulse service 
In pulse service where the "on" time is 

small compared to the "off" time, many 
transmitting tubes can be run to much 
higher peak power limits than are per-
missible in continuous service. In con-
tinuous service, the maximum voltage and 
current limitations are set with a safety 
factor in mind to consider average power 
dissipated on the tube electrodes. In pulse 
service, when the tube "rests" for an 
appreciable time, it is possible to set new 
guidelines on peak electrode dissipation 
and maximum ratings, provided the 
average electrode dissipation and maxi-
mum temperature ratings are not ex-
ceeded . 

In pulse service (less than 0.1 second) 

a thoriated tungsten power tube may 
have an anode instantaneous peak dissi-
pation capability as high as 100 times 
the average power capability, and the 
available filament emission may be as high 
as 80 milliamperes per watt of filament 
power. In some cases, the filament voltage 
has been boosted above normal to obtain 
emission levels as high as 150 milli-
amperes per watt with the penalty of 
greatly reduced tube life. 

In the case of the oxide-coated 
cathode, the peak pulse current is not as 
clearly defined or as easily generalized as 
in the case of the thoriated filament tube. 
A figure of 500 milliamperes peak plate 
current per watt of heater power is often 
used for very short pulse service (less than 
3 microseconds), and other numbers are 
available giving pulse plate current in 
terms of active cathode area. 

In long pulse service (more than 0.1 
second), the rise in temperature of the 
electrodes rather than the average power 
during the pulse often becomes the basic 
tube limitation, and twe maximum capa-
bility of the power tube is progressively 
derated as the pulse length increases. For 
a radiation cooled tube, a pulse length of 
2.5 seconds is often considered equivalent 
to a continuous duty operation. In the 
case of an oxide-coated cathode, life tests 
indicate that a peak-to-average dc plate 
current ratio of 2.0 for long pulse (0.5 
second) is not unrealistic. This corre-
sponds to a duty factor of 0.5. 

voice and cw operation 
A shadow world exists between con-

tinuous duty (CCS) operation, and ICAS 
operation on the one hand and pulse 
operation. Amateur voice and cw opera-
tions seem to fall into this shadow area. 
Cw operation may be compared to a form 
of pulse operation as it defines an "on" 
and "off" duty cycle wherein the two 
times are approximately equal. This 
would represent a duty cycle of fifty 
percent (0.5) and the pulse (cw) wave-
form would be nearly square.* 

"Note quite true; waveshaping is necessary to 
some extent to reduce key clicks. 
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Voice operation, on the other hand, is 
a different and more complex problem. 
The voice waveform is not a square pulse; 
it has a large peak-to-average power ratio 
with irregular waveform. Normal speech, 
undipped, uncompressed or otherwise 
altered, seems to have a peak-to-average 
ratio of about 14 dB.3 Various compres-
sion and clipping techniques can reduce 
this ratio to 3 to 5 dB before severe 
distortion becomes apparent.4 Thus, 
heavily clipped or compressed speech 
waveforms tend to resemble the cw duty 
cycle as far as the peak-to-average power 
ratio is concerned. 

It is prudent to expect, therefore, that 
the power capability of a tube can be 
safely increased for Intermittent Voice 
and CW Service (IVS service) over the 
CCS rating provided the maximum ele-
ment temperature of the electrodes is not 
exceeded and the cathode (or filament) 
emission is sufficient to satisfy plate and 
grid current peaks. In addition, the tube 
in question should not have an intolerable 
level of intermodulation distortion when 
operated in linear service under these 
enhanced conditions. 

This type of intermittent operation is 
done everyday with the popular sweep 
tubes used in ssb equipment designed for 
amateur service. Small soft-glass envelope 
tubes (i. e., the 6LQ6) are run up to 250 
or 300 watts PEP input with no apparent 
harm provided the maximum level of 
plate dissipation is held within reason, 
even though the average, long-term dissi-
pation rating in tv service is only 30 watts 
or so. The user is taking advantage of the 
intermittent nature of amateur voice 
operation and the high peak-to-average 
ratio of the human voice to get more 
watts per dollar of tube investment. Many 
amateurs have found, to their regret, an 
overworked sweep tube tends to overheat 
and shows extremely short life when a 
voice clipper/compressor unit is used to 
bring up the average power of the equip-
ment, or if extended cw operation is 
used. A moment's reflection upon the 
heating process in the tube will show the 
reason for this problem. The tube is being 
pushed so far that any margin of safety 

has vanished. Unfortunately, no one has 
yet been able to miniaturize the watt! 

Thus, there's a limit beyond which 
pushing the transmitting tube becomes 
uneconomical. It may be well to push an 
inexpensive sweep tube to 300 watts PEP 
input, since a tuning error, or other 
maladjustment won't bankrupt the un-
lucky user. The owner of a more expen-
sive transmitting tube, however, may well 
have second thoughts before he blasts his 
pet power tube. Obviously, some middle 
ground is called for where the peak-to-
average power ratio of ssb and cw opera-
tion can afford new and conservative tube 
ratings more in line with today's usage. 

intermittent voice service 
In single sideband service, the two 

plate current values of significance are the 
single-tone plate current and the two-tone 
plate current. The ratio of single-tone to 
two-tone plate current may vary from 
1.1/1 to 1.57/1, depending upon the class 
of operation. Two-tone plate current is 
useful as the magnitude of intermodula-
tion distortion products may be specified 
as the reduction in decibels of one 
product from one tone of a two-equal-
tone signal. Precedence exists, therefore, 
for providing typical operating data for 
linear amplifier service specifying the dc 
plate current under two-tone conditions 
of average plate current and plate current 
at the peak of the modulation envelope. 
Such data for the 8122 is shown in table 
1.2 

Based upon such data, extensive life 
tests have been run at the Eimac Division 
of Varian to determine if more meaning-
ful operating conditions could be 
specified for either ssb or cw operating 
modes. As far as amateur operation is 
concerned, the limiting mode is cw, 
where the duty factor is about 0.5. The 
duty factor for single sideband transmis-
sions with unprocessed speech runs about 
0.05 for a 13-dB peak-to-average signal 
and could rise as high as 0.5 for high 
levels of speech compression or clipping. 
A duty factor of 0.5 (peak-to-average 
ratio of 2.0) for Intermittent Voice Ser-
vice rating would therefore cover both 
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table 2. Preliminary operating data for 8B73 family of ceramic/metal, zero-bias power triodes. 

Cathode: O x i d e coated, unipotential 
Warm-up time sec 
Heater voltage 6 - 3 v 

Heater current 3.2 A 
Direct interelectrode capacitances, 
grounded-grid connection 

Input 19.5 p F 
Output 7.00 pF 
Feedback 0.04 pF 

Maximum frequency ratings 
Operating temperature, maximum, ceramic 
seals and anode core 
Base 

4 5 0 MHz 

o 
250 C 

11-pin Special ( J E D E C E l 1-81) 

Radio-frequency linear amplifier, cathode driven, class A 8 2 
Absolute max imum ratings, to 4 5 0 M H z 
Plate voltage 2 2 0 0 V d c 
Plate current, continuous 250 m A 
Plate dissipation see note 1 
Grid dissipation 5 W 

2 
Typ ica l operation, Intermittent Vo ice Service 
frequencies to 30 MHz 
Peak envelope or modulation crest conditions 
Peak voltage 2000 V d c 
Cathode voltage3 8.2 V d c 
Zero-signal plate current 22 m A 
Single-tone I V S plate current 500 m A 
Two-tone plate current (approximate) 312 m A 
Average plate current 250 m A 
Single-tone grid current 30 m A 
Two-tone grid current 12 mA 
Peak rf grid-cathode voltage 67 V 
Peak driving power 26 W 
Peak power input 1000 W 
Single-tone I V S useful output power 587 W 
Resonant load impedance 2140 ohms 

Intermodulation distortion products: 
3rd Order -35 dB 
5th Order -36 d B 

notes. 1. 8873 is conduction cooled, and plate dissipation depends upon heat-sink cooling. 8874 plate 
dissipation is 4 0 0 watts, and tube has ar> axial-flow, forced-air cooled anode. 8 8 7 5 plate 
dissipation is 300 watts, and tube has a transverse-flow, forced-air cooled anode. 
2. Intermittent voice and cw ratings are based upon the max imum voltage and current ratings 
given for a signal having a peak-to-average power ratio of 2.0 or more. During short periods of 
adjustment (less than 30 seconds), the average plate current may be as high as the I V S value. 
3. Cathode bias is obtained from a zener diode. 

the c w a n d ssb s p e e c h - w i t h - p r o c e s s i n g 

s i t u a t i o n s . 

T h e d e r i v a t i o n o f a d i f f e r e n t rat ing 

f r o m a n e x i s t i n g rat ing m a y o n l y t a k e 

p l a c e a f ter e x t e n s i v e l i fe tests h a v e b e e n 

c o m p l e t e d t o m a k e sure t h a t t u b e l i fe is 

not b e i n g s h o r t e n e d a n d t h a t m a x i m u m 

t e m p e r a t u r e a n d d i s s i p a t i o n l i m i t s are n o t 

fig. 2. T u b e base diagram for the 8873, 8874, 
8875 fami ly of zero-bias triodes. Multiple 
cathode leads keep cathode inductance to a 
minimum. 
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being exceeded. Any tube may be limited 
by grid or screen dissipation level and 
some may be limited by a plate voltage 
ceiling, or by available cathode emission. 
Each tube type is an individual case, and 
to jump to conclusions or to interpret 
data from one type to another is risky 
and unfounded to say the least. In all 
cases the total average current load on the 
oxide cathode will remain about the same 
for the new rating as for the average 
situation. 

The Intermittent Voice and CW (IVS) 
rating may be defined as: 

That maximum voltage and current 
rating given for a signal having a 
maximum peak to average power 
ratio of 2.0 or more. During short 
periods of adjustment (less than 30 
seconds), the average plate current 
may be as high as the IVS value. 

In all cases, the IVS rating and "short 
period of adjustment" are limited by the 
maximum allowable temperature of the 
tube anode and seals. 

using the ivs rating 
The IVS rating is especially attractive 

to amateur operators as it outlines typical 
operating parameters for cw and ssb. How 
are the new ratings used? The following is 
an example of how an amateur operator 
can safely and properly tune up for an 
IVS operating condition with the aid of 
an inexpensive oscilloscope. 

The oscilloscope is necessary for ssb 
adjustment at first since meter response 
to a voice waveform may vary from meter 
to meter and is, in any case, highly 
irregular and difficult to interpret. 

I .The first step to achieve an IVS 
condition for either ssb or cw is to 
tune and load the linear amplifier with 
carrier (single tone) to an IVS rated 
value of dc plate current (as read on 
the plate meter), observing maximum 
"on" time. The amplifier is now ready 
for IVS CW operation. This could be 
called the "long-dash" tuning method. 
An electronic key is handy for this 
operation. 

\ / 

\ 
Ih V % i 
i f 
\ if y* S T r 

/ 
fig. t . Typical meter readings for I V S opera-
tion. 

A . With single tone (carrier), the linear ampli-
fier is loaded to maximum I V S plate current 
(500 m A in this example). Oscilloscope shows 
carrier pattern. Pattern height is noted as 2 
units. Observe short tuneup time. 

B. Carrier is removed and voice modulation 
applied and gradually increased until voice 
peaks reach carrier height of 2 units as noted in 
pattern A . Plate meter kicks up to about 200 
m A on voicc peaks. No speech processing used. 

C. Adding speech processing (clipping or com-
pression). Note that plate meter now kicks up 
under voice peaks to about 325 m A , but that 
voice peaks on oscilloscope rise no higher than 
the single-tone limit of 2 units. However, area 
under the peaks is greatly enhanced, indicating 
greater average-to-peak ratio of voice signal. If 
oscilloscope peaks are greater than 2 units 
height, with or without voice processing, ampli-
fier is being overdriven, with accompanying 
splatter and distortion. 

2. For ssb observe the rf output 
pattern on the oscilloscope and note 
the amplitude for reference. 

3. Remove the carrier. Insert audio 
and slowly increase audio gain so that 
the instantaneous rf peaks observed on 
the oscilloscope reach the same maxi-
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table 1. Type 8122, linear rf power amplifier 
service (A8 |> . Typical CCS operation at 30 
MHz with two-tone modulation. 

Plate voltage 
Grid no. 2 voltage 
Grid no. 1 voltage 
Zero-signal plate current 
Plate current 

Peak of envelope 
Average 

Grid no. 2 current 
Peak of envelope 
Average 

Average grid no. 1 current 
Effective rf load resistance 

2000 Vdc 
400 Vdc 
-35 Vdc 
100 m A 

335 mA 
250 mA 

10 mA 
7 mA 

0.05 mA 
3050 ohms 

mum level as obtained in step 2 under 
carrier insertion. The amplifier is now 
working at the correct IVS level of 
peak input. 

4. Observe the average current peaks 
on the plate meter for future refer-
ence. 

In summary, the amplifier is tuned up 
to IVS condition with single-tone excita-
tion to set the peak signal level. The 
single tone is removed, and audio is 
applied so the instantaneous signal peaks 
reach the same peak level as before, but the 
peak-to-average level of the intelligence 
may vary widely, depending upon voice 
characteristics, degree of speech pro-
cessing, etc. This is summed up in fig. 1. 

ivs ratings for the 8873 family 
of triodes 

The new 8873 family of zero-bias 
triodes is the first to carry the new IVS 
rating. These ratings are based upon the 
original design concept of the tube, plus 
extended life tests where electrode tem-
peratures, cathode emission and power 
output were carefully monitored. For 
example, the continuous plate current 
rating is 250 milliamperes. The cathode 
area of the 8873 is over 2 square centi-
meters; this corresponds quite closely to 
the 125 milliamperes per square centi-
meter rule-of-thumb stated earlier for an 
oxide-coated cathode. The life tests 
showed that a peak dc plate current 
rating of 500 milliamperes is reasonable 
at a duty cycle of 0.5 (peak-to-average 

power ratio of 2.0), corresponding to the 
IVS philosophy (table 2). The various 
input levels at a given plate voltage may 
now be established. At 2000 volts, for 
example, the average plate input is 2000 
(volts) x 250 (milliamperes) = 500 watts. 
This corresponds to key-down service, 
such as RTTY. The two-tone rating (as in 
a short two-tone test) is 2000 (volts) x 
312 (milliamperes) = 624 watts, average 
power. The IVS rating for ssb voice or cw 
is 2000 (volts) x 500 (milliamperes) = 
1000 watts peak envelope power. In the 
case of voice and cw, the average current 
"load" on the cathode is the same. 

Thus, today's power tube may be 
rated in two different and useful ways. 
Commonly, it bears the continuous duty 
(CCS) rating, and occasionally it bears the 
semi-obsolete ICAS rating. It is hoped 
that the new IVS rating will find favor in 
the future as it permits greater operating 
economy to be achieved in the use of all 
power-grid tubes. 

what about. . . 
The immediate question arises, " I f this 

is so, what about the IVS ratings for the 
3 500Z or the 8122 or the 4X150A, or 
whatever?" The present answer to this 
query is that each tube type must be 
examined on its merits and the outer 
limits established for any new rating, 
whether it be pulse, ICAS, or IVS. This is 
a continual process with most tube manu-
facturers, and more relevant date of this 
type will probably be forthcoming over 
the months. 

Thanks to William McAulay, W6KM; 
Jack Quinn, W6MJG; and Robert Suther-
land, W6UOV, for their help in the 
preparation of this article. 
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modifying the 

Heath SB-200 
amplifier 

for the new 

8873 zero-bias triode 

Simple modification 

of the SB-200 linear 

to provide increased 

power dissipation, 

better frequency stability, 

and lower drive. 

Two designs are featured — 

air cooled and 

conduction cooled 
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The high power capability, moderate cost 
and compact size of the new 8873 family 
of zero-bias, ceramic/metal power triodes 
make them well suited for new design, as 
well as for retrofit into popular amateur 
equipment that uses older tubes having 
restricted power capability and limited 
frequency range. The well-known Heath 
SB-200, a one-kilowatt PEP linear ampli-
fier, is a likely candidate. This article 
covers the modification of this unit to use 
the new power tubes. The modification 
provides increased power dissipation, 

The Eimac 8875 is a ceramic/metal zero-bias 
triode with a transverse cooler that provides 
300 watts anode dissipation. 
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better high-frequency stability and lower 
drive requirements, and (in the case of 
the 8875) at a lower overall tube replace-
ment cost then the original pair of tubes. 

Based upon a study of the SB-200 
circuit design, it was decided to try 
different modifications on two separate 
amplifiers. The first version uses the 8875, 
a high-mu power triode having 300 watts 
anode dissipation and capable of about 
1200 watts peak input in Intermittent 
Voice Service (IVS).1 The 8875 has five 
large, round, horizontal anode fins that 
may be adequately cooled with a small 
phono-motor fan, the type already in the 
Heath amplifier. This modification re-
quires a minimum amount of disruption 
of the existing Heath circuitry. 

The second amplifier has a more 
sophisticated and interesting modifica-
tion: a conduction-cooled 8873 power 
triode (electrically equivalent to the 
8875) is used with a finned heat sink for 
proper anode dissipation. The heat sink 
forms the vertical back wall of the rf 
enclosure. 

This section discusses the first conver-
sion, which provides full input level for 
the amplifier, with low intermodulation 
distortion and good tube life. The con-
duction-cooled version is described in the 
last part of the article. 

the 8875 modification 
The 8875 zero-bias power tube is 

shown in the photo and is capable of 
1200 watts PEP input for ssb and 1000 
watts when run in IVS service. The tube 
is about the size of a 4CX250B, has an 
11-pin base and uses an inexpensive 
socket. Cathode and grid connections are 
brought out to multiple base pins, and, in 
addition, the grid is terminated in a 
low-inductance contact ring at the base of 
the tube which may be used for vhf 
operation. The anode is intended to be 
cooled by a horizontal air blast from a 
small fan. Dissipation is a function of 
cooling air, and a small phono-motor fan 
provides about 300 watts dissipation. For 
RTTY service, the power input level of 
the amplifier is dropped to about 600 

watts. These levels are entirely com-
patible with the rating of the inter-
mittent-duty power supply of the SB-200 
amplifier. 

The 8875 is mounted in a horizontal 
position in the approximate space pre-
viously occupied by the two glass tubes as 
shown in the chassis photo. The 11-pin 
tube socket is near the center of a small 
aluminum sub-chassis mounted to the 
rear wall of the amplifier enclosure. The 
existing cooling fan, mounted at the 
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fig. I. Revised schematic for the S8-200 shows 
the 8875 zero-bias triode. The 887S requires 
6.3 volts and the filament voltage in the SB-200 
is on the high side because of reduced current 
drain. The original filament-choke windings are 
removed and three new windings put in their 
place. The filament windings are two 4 4 " 
lengths of no. 20 enameled wire; the cathode 
winding is a 4 4 " length of no. 26 insulated 
wire. Each winding has a 3" pigtail. Twenty 
trifilar turns are wound on the ferrite form. The 
ends are tied with twine and given a drop of 
epoxy to hold the windings in place. The socket 
for the 8875 is an E . F . Johnson 124-311-100. 
The 150-pF grid bypass capacitors are dipped 
mica units. 
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bottom of the enclosure, is moved to a 
new positon in respect to the anode of 
the 8875. 

The revised circuit is shown in fig. 1. It 
uses most of the original components. A 
new filament choke or dropping resistor 
is required, as well as zener-diode bias for 
the 8875. All new components, with the 
exception of the zener fuse, are mounted 
within the sub-chassis, as shown in the 
rear-view photograph. 

mechanical modifications 

The first step is to remove the com-
ponents around the existing 4-prong 
sockets, and then remove the sockets 
themselves. 

Remove the filament choke from tie-
point M. Unbolt tie-point AB, leaving the 
wiring connected. (See pictorial 11, page 
39 of the Heath Instruction Manual. 
Original components are identified by 

In the modified Heath SB-200 the 8B75 is 
mounted horizontally in the space formerly 
occupied by the two glass tubes. Major plate 
circuit components remain unchanged. 

their Heath nomenclature.) The next step 
is to cut out a rectangular hole on the 
rear wall of the enclosure as shown in the 
rear-view photo, with the dimensions 

The rear panel of the SB-200 is cut out to allow 
access to the underside of the new sub-chassis. 
Untouched cathode coils are to left of the 
cutout. The zener fuse is at top of cutout with 
200-ohm cathode resistor and zener diode 
mounted in sub-chassis. In this installation an 
extra cathode choke was used with the original 
SB-200 filament choke. The cathode choke has 
15 (IH inductance and 1000 mA current rating 
(J. W. Milter 4624). 

shown in fig. 2. The new sub-chassis for 
the 8875 is placed over this hole. The 
sub-chassis is a 4 x 5 x 2-inch Bud AC-
1404 chassis cut down to 1 height and 
held in place with spade lugs and bolts. 
The tube socket is placed on the sub-
chassis as shown in fig. 2. 

The new sub-chassis interferes with 
various bolts holding the rf enclosure to 
the main chassis deck along the bottom 
rear edge, and it is necessary to provide 
clearance for these bolts. Proper clearance 
is provided by noting position of the 
bolts and drilling %-inch clearance holes 
in the sub-chassis at the points of inter-
ference. 

Once the sub-chassis is in position, the 
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tube is placed in the socket and the 
phono fan moved until the blades are 
positioned beneath the anode of the tube 
as shown in fig. 3. 

o 

fig. 2. S B - 2 0 0 chassis modifications to accomo-
date the 8875. T h e enclosure cutout for the 
sub-chassis is shown in A . T h e modified sub-
chassis for the 8875 socket is shown in B. 

and it is necessary to drop it slightly to 
avoid over-volting the tube filament; a 
0.3-volt drop is necessary. This may be 
readily achieved by placing a 0.1-ohm 
wirewound resistor in series with one 
filament lead, or the filament choke may 
be rewound with the proper wire length 
and size to develop the required voltage 
drop. Since a cathode rf choke is re-
quired, the builder has the option of 
rewinding the present filament choke and 
adding a cathode winding as shown in fig. 
1 or using the existing choke and adding a 
cathode rf choke and filament dropping 
resistor. The latter was done for the first 
tests, and a new trifilar rf choke was 
substituted at a later date. 

amplifier testing 
When the modification is complete, all 

wiring should be checked and the resis-
tance to ground from the anode clip 
should be checked. As in the original 
amplifier, before modification, the resis-
tance should be about 180,000 ohms (the 
resistance of the filter bleeder resistor, 
R5 — R11). The amplifier should be con-
nected to the exciter and to a dummy 
load. Before the amplifier is turned on, 
the exciter is tuned up, feeding through 
the unenergized antenna relay of the 
amplifier. The amplifier is now turned on, 
and the panel meter should read about 
+2400 volts in the HV position. Amplifier 
plate current is zero because of the 
cut-off bias voltage. 

The amplifier controls are set as des-

electrical modifications 
The portion of the original schematic 

of the SB-200 that is revised is shown in 
fig. 1. The 1N3307 8.2-volt zener diode is 
bolted firmly to the wall of the sub-
chassis, using a th in coating of Wakefield 
Thermal Compound smeared on the zener 
stud to allow a good thermal bond. The 
new component layout in the sub-chassis 
is shown in the rear-view photograph. 

Using the new tube, the existing fila-
ment voltage of the SB-200 is too high, 

fig. 3. Phono-motor fan installation for the 
8875. The motor must be moved so the shaft is 
in line with the center of the anode, and the tip 
of the fan blade clears the bottom of the tube 
by V« inch. T h e blade should also clear the edge 
of the anode by <A Inch. 
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cribed in the Operating Procedure section 
of the Heath Manual (page 47), and the 
amplifier is again turned on. With no 
driver output, the meter of the amplifier 
should indicate an idling plate current of 
about 20 milliamperes. A ninety-second 
cathode warm up time should be ob-
served before excitation is applied to the 

New trifilar filament and cathode choke for the 
modified SB-200 uses ferrite rod from original 
unit. Winding details are shown in fig. 1. 

8875. The drive level of the exciter is 
advanced until the plate current rises to 
about 200 milliamperes. Tuning and load 
controls are adjusted for maximum power 
output (minimum plate current) on the 
amplifier meter. Grid current should be 
about one division on the meter (25 
milliamperes, or less). Caution: The 8875 
is easy to drive; watch out for excessive 
grid current. 

The amplifier may now be loaded for a 
maximum plate current of 500 milli-
amperes, using carrier injection from the 
exciter. Maximum grid current is 45 
milliamperes. This corresponds to a drive 
level of 55 watts or less. Loading should 
be done quickly so as to not run exces-
sive IVS plate current for more than 30 
seconds or so. 

When proper loading with carrier injec-
tion is achieved you will find that maxi-
mum power output occurs at this point 
along with the recommended values of 

plate and grid current. At maximum 
input the power output (measured with 
an accurate wattmeter) is between 520 
watts (10 meters) and 630 watts (at the 
lower frequencies). Power gain is about 
10 decibels. Under voice conditions, with 
no speech processing, voice peaks will run 
about 200 milliamperes on the meter. 

Thanks to Merle Parten, K6DC, and 
Dick Rasor, WA6NXB, for their help and 
assistance in modifying the amplifier and 
making measurements on the completed 
version. 

conduction-cooled linear 

Modern power tubes such as the 
8873-family have the capability of de-
veloping anode power dissipation densi-
ties (watts per square centimeter) com-
parable to the power densities in many jet 
and rocket engines. For this reason, effec-
tive cooling techniques are essential for 
long life and high tube reliability. 

Conduction cooling is an efficient 
system of heat elimination, making use of 
the heat source (power tube or tran-
sistor), a heat transmission path (thermal 
link) and a heat sink, wherein the heat is 
removed. Many amateurs have seen tran-
sistors with tiny heat sinks on them; far 
fewer amateurs have observed heat-sink 
systems capable of dissipating several 
kilowatts of power. Such large systems 
exist, and the general design (suitably 
scaled down) may be adapted for use at 
amateur power levels. Although common 
in commercial and military gear, the 
heat-sink conduction-cooled system is 
just beginning to appear in amateur 
equipment (i. e., the Signal-One tran-
sceiver). 

In the case of a power tube whose 
anode operates at a high voltage poten-
tial, the thermal link must have the dual 
properties of a thermal conductor and an 
electric insulator. One of the most prac-
tical materials for this task is Beryllium 
Oxide (BeO), an insulative ceramic (re-
fractory) material which has the thermal 
conductive properties of aluminum. 

The 8873 zero-bias power triode 
makes use of a BeO thermal link and 
external heat sink. The link is detachable, 
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providing mounting flexibility and re-
duced tube replacement cost. However, 
since two thermal interfaces occur with 
the detachable link (tube anode to link 
and link to heat sink), attention must be 
paid to ensure low thermal resistance at 
these two interfaces if optimum cooling 
performance is to be achieved. 

The heat sink, receiving heat through 
the thermal link from the tube anode, 
emits energy in the form of radiant heat. 
The quantity of heat radiated depends 
upon the absolute temperature of the 
sink relative to the surrounding environ-
ment and the nature of its surface. A heat 
sink operating at an elevated temperature 
compared to its environment will transfer 
heat to the environment by radiation, 
convection and conduction, as is done in 
this case. 

The added output capacitance of the 
tube supplied by the thermal link and 
heat sink is typically 6 to 10 pF, and this 

The 8873 conduction-cooled zero-bias triode. 

\ \\ 

must be taken into account when vhf 
tank circuits are concerned. 

The heat sink used with power tubes 
may be liquid or air cooled. In this case 

Conduct ion-cooled 8873 zero-bias triode 
mounted in the Heath SB-200 linear. The 8873 
is held in place with a toggle clamp that presses 
the anode of the tube against a beryllium-oxide 
thermal link and finned heat sink. The flat 
surface of the heat sink is covered with 1/8-inch 
copper sheet to distribute anode heat evenly. 
Under normal voice operation heat-sink dissipa-
tion provides sufficient cooling. For cw or 
long-winded voice operation a thermal switch 
turns on a small phono-motor fan to hold the 
temperature of the heat sink at a conservative 
level. When heat-sink temperature drops to 
normal value, the fan is automatically switched 
off . 

two or three hundred watts of anode 
dissipation are required so air cooling is 
feasible. 

the 8873 
The 8873, like the 8875, is a ceramic/ 

metal, zero-bias triode intended for hf 
and vhf service up to 450 MHz or so. No 
air cooling of the base is required if the 
socket is mounted on a chassis which has 
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sufficiently low thermal resistance to 
drain the filament heat away from the 
stem of the tube. 

The 8873 seemed a natural for retrofit 
in an existing Heath SB-200 amplifier. It 
was planned that the cabinet and power 
supply of the SB-200 could be used as a 
test bed for future experiments (such as a 
50 MHz or 144 MHz amplifier) so a new, 
two-piece aluminum chassis was made. 
The power supply was rebuilt on one 
chassis and the amplifier section on 
another. Both units were then bolted 
together to resemble the original Heath 
chassis and shields. An amateur intending 
to modify his own SB-200 to this design 
probably would use the Heath metal 
work as-is. 

heatsinking the SB-200 chassis 

The 8873 anode is heat sunk to a 
finned radiator mounted at the rear of 
the amplifier enclosure. Generally speak-
ing, the modification consists of removing 
the present tubes, sockets and auxiliary 
components and reworking the circuit 
electrically as described in the 8875 
modification. Views of the heat sink 
installation are shown in the photographs. 
The heat sink measures 7-3/4x4-1/4 
inches and is mounted to the chassis and 
side walls about 8-3/4 inches behind the 
front wall of the enclosure. The 8873 
socket mounts in the center of the 
enclosure, with the center of the socket 
about 15/16-inch from the smooth sur-
face of the heat sink. 

Anode heat flows from the 8873, 
through a BeO insulating block into the 
heat sink. Good bonding is essential 
between these three components in order 
to hold anode core and seal temperatures 
below the maximum permitted rating of 
250°C. To hold the components firmly 
together, a DE-STA-CO toggle clamp is 
mounted in front of the tube. A small 
Va-inch ceramic insulator is substituted for 
the rubber nose of the clamp, which 
presses against the tube and heat sink. 
While the clamping action takes place, the 
tube and socket should be free to move. 
Accordingly, the socket is mounted in a 
clamp ring so that a slight amount of 

rotational and lateral movement can be 
accomplished. The rotational movement 
is required in order to align the flat 
surfaces of the tube, thermal link and 

Bottom view of amplifier chassis shows sub-
mounted tube socket. Chassis bolt holes are 
slotted so tube and socket may be moved 
slightly so the anode is properly seated against 
the heat sink. The rear of the amplifier chassis 
has been cut away below the heat sink so 
cooling air may pass through the fins. Filament 
choke is at upper right with zener diode 
mounted on chassis at upper left. 

heat sink. The socket is then tightened in 
position after alignment and clamping 
takes place. 

The heat sink provides about 160 
watts of continuous anode dissipation 
when cooled by normal currents of 20°C 
air (room temperature). It is possible to 
raise the dissipation of the sink to about 
200 continuous watts by passing cooling 
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air across it from the small phono-motor 
fan which was a part of the original 
SB-200 assembly. The fan was included in 
this design, along with a thermal switch. 

Rear view of conduction-cooled amplifier 
shows cooling fan and cathode tuned circuits. 
Chassis beneath the heat sink has been cut away 
for proper flow of cooling air. 

When the temperature of the heat sink 
approaches a value that indicates high 
anode temperature, the fan is auto-
matically switched on, increasing the 
capacity of the sink and protecting it 
from long-winded rag chewers and 
marathon talkers. 

To determine the capacity of the heat 
sink system, temperature runs were made 
on the sink and tube anode, with various 
values of anode dissipation. Heat-sink and 
anode temperature were measured with 
temperature sensitive paint, and the 
thermal switch was moved about on the 
sink until it switched on when anode 
temperature reached about 180° C, well 

below the upper design limit of the tube. 
To hold tube base temperature to a 

safe level, slots were cut in the chassis 
around the tube socket to allow cooling 
air from beneath the chassis to flow up 
and around the tube base (see under-
chassis photo). 

amplifier operation 
Tuning and loading of the amplifier is 

normal, and follows the procedure out-
lined in the 8875 description. Under most 
operating conditions, the heat-sink tem-
perature does not rise to the point at 
which the cooling fan is actuated, and 
amplifier operation is completely noise-
less, a welcome "sound" these days! 

While this unit is considered to be 
experimental, it points the way to the 
amplifier design of tomorrow: heat-sunk, 
noiseless, compact and highly effici-
ent — quite a far cry from the old days of 
rack mounted gear, heavy, buzzing power 
supplies and black-crackle panels. How 
time flies! 

% 
Conduction-cooled amplifier with top shield in 
place. Shield has been trimmed at rear to allow 
air to flow over heat sink. 

Again, thanks to K6DC and WA6NXB 
for their assistance in this experimental 
project. 

reference 
I .Will iam I. Orr, W6SAI, "Intermittent Voice 
Operation of Power Tubes," ham radio, this 
issue. 

ham radio 
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two-meter fm 

frequency meter 

A highly accurate 

heterodyne-type 

frequency meter 

that provides 

crystal-controlled 

frequency markers 

on two meters 
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On two-meter fm a .005% tolerance 
crystal can put your transmitter outside 
the passband of a narrow-band receiver, 
even if it is working into the same 
capacitance at which it was calibrated. If 
the capacitive load is very much different 
it can even put you closer to the next 
channel. This is why frequency-shifting 
capacitors must be adjusted to the crystal 
in use. 

In the local area there are half a dozen 
hams who have access to laboratory 
standards and measurement equipment 
who will help you get your gear on the 
frequency — six different ones. These 
amateurs are performing a very useful 
service but one wonders where the fre-
quency actually is. A fairly accurate 
answer can be provided by a relatively 
simple and inexpensive piece of gear. 

The unit shown in the photographs 
measures 2x5x6 inches and weighs 26 
ounces complete with batteries. It can be 
used to adjust a transmitter or receiver to 
any channel at 60-kHz intervals from 
146.94 MHz to below 145 MHz. Im-
mediately after calibration it will be 
with in 15 Hz, which is roughly 
1/100,000% or one part in 107. From 
day to day, at comfortable shirtsleeve 
temperatures, the instrument stays within 
100 Hz. 
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how it works 
A crystal-controlled oscillator at 49 

MHz feeds a buffer-tripler with an output 
at 147 MHz. This stage is coupled to the 
emitter of a mixer or modulated amplifier 
stage. Another crystal-controlled oscil-
lator at 60 kHz with high harmonic 
output feeds an emitter-follower buffer 
which drives the base of the mixer, 
modulating the vhf signal at 60 kHz and 
its harmonics. The first lower sideband is 
on 146.94 MHz, and strong signals are 
available at 60-kHz intervals to below 144 
MHz. The output of the mixer feeds a 
19-inch whip antenna to radiate signals 
for receiver calibration. 

The antenna and mixer also feed a 
full-wave diode detector to obtain a beat 

the original circuits were used without any 
attempt to optimize the component 
values. In the 60 kHz oscillator, it was 
found necessary to provide a tip jack to 
read this frequency for calibration checks 
after the unit was in its case. Since the 
crystal in this circuit was within 0.1 Hz of 
the intended frequency, a variable capaci-
tor in series or parallel with the crystal 
seemed unnecessary. The frequency of 
the 49 MHz oscillator is adjusted at L1. 
Substitution of parts or complete circuits 
of sections of the unit should work 
equally well. 

The circuit is shown in block form in 
fig. 1; a schematic is shown in fig. 2. Parts 
layout is not critical and can follow the 
dictates of the available housing and the 

fig. 1. Block diagram of the two-meter fm frequency meter. 

note between the internally generated 
signal and a signal at the antenna. A 
capacitively coupled transistor audio 
stage provides enough output to a broad-
cast receiver earpiece to permit adjust-
ment of a transmitter to within about 30 
Hz of the internal frequency. Tip jacks on 
the front of the unit allow connection of 
a low-range (5-volt) dc voltmeter across 
the dc detector output. Unless the meter 
is highly damped, the needle will quiver 
before the beat note becomes inaudible, 
and when the meter swings from mini-
mum to maximum and back less than 
once a second, you have matched the 
frequencies within 1 Hz. 

construction 

The frequency meter shown in the 
photographs was built in a surplus 
module of uncertain source and purpose 
which contained most of the parts and 
circuitry of the calibrator. Where possible 

preference of the builder. Some of the 
features of this unit, however, might 
deserve consideration. 

First, a sturdy chassis is required for 
high-stability portable gear. All parts 
must be securely mounted; in this unit 
the crystals and their sockets are attached 
to the chassis with epoxy cement. Power 
to each oscillator is supplied through a 
dropping resistor with a 6.3-volt zener to 
ground; a 20% drop in battery voltage can 
be tolerated without affecting the fre-
quencies. The enclosure was made from 
flashing copper sheet and permits rf 
coupling into and out of the unit only at 
the antenna jack. Audio and meter con-
nections are bypassed at the jacks. Two 
paralled 9-volt batteries provide long life 
at the 33 mA load. 

calibration 

This instrument was calibrated by 
using an available crystal standard con-
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fig. 2. S c h e m a t i c d iag ram of the two -mete r f m f r equency meter. 
The extens ive decoup l i n g c i rcuits a n d mos t of the c o m p o n e n t values 
were part of the or ig ina l equ i pment . 

L I 8 t u rn s no. 20 , W d iameter 

L 2 3 tu rn s no. 2 0 , w o u n d over L I 

L 3 4 tu rn s no. 20 , VA" d iameter 

L 4 13A tu rn s no. 20 , w o u n d over 
L 3 

L 5 3Vz t u rn s no. 20 , V4" d iameter 

L 6 2Vz tu rn s no. 20 , w o u n d over 

L 5 

3 tu rns no. 2 0 , w o u n d over L 1 
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stantly monitored against a WWV broad-
cast. 10 MHz was used, but where other 
frequencies are more reliable, the same 
principles can be applied. This 10 MHz 
oscillator will hold within 0.5 Hz for the 
duration of the calibration process. It is 
followed by a divider to 1 MHz and a 
multiplier to 50 MHz, both of which feed 
a mixer. This results in a signal at 49 MHz 
plus or minus 2.5 Hz. The unit can be 
adjusted so that its signal, when fed to a 
receiver along with the 49 MHz standard 
frequency, will swing the S-meter less 
than once per second. The cumulative 
errors at 49 MHz, when tripled, net a 
maximum error of 10.5 Hz at 147 MHz. 

By a similar process, the 60-kHz oscil-
lator can be compared with the WWV 
signal and adjusted easily to within 0.1 
Hz. Since this frequency is multiplied by 
1 at 146.94 MHz and by only 20 down to 
145.80 MHz, this error does not exceed 2 
Hz. It was found necessary to bring this 
frequency out to a tip jack on the panel 
for calibration purposes. 

This system results in an error of less 
than 15 Hz within the intended range of 
the device. This is not as good as the best 
laboratory counters, but is cheaper, more 
rugged, portable, battery powered, and 
always available. 

use 
The simple frequency meter is used 

just like the LM, BC 221, or other 
heterodyne frequency meters with an 
audio detector, except that a low-range, 
high-resistance dc voltmeter can be used 
to monitor the beat note at less than 
audio frequency. The signal from the unit 
can be picked up on the receiver under 

Bottom view. The 49-MHz oscilla-

tor is at rear, mixer in front. 

Top view of chassis. The 60-kHz oscillator is 

located next to the batteries; buffer is at rear. 

On the right, front to back, are the antenna 

coupling capacitor, detector and audio stages, 

and tripler. 

test, and the receiver's oscillator adjusted 
until its discriminator voltage is zero, or 
as otherwise directed for that receiver. 

To adjust a transmitter frequency, the 
unit must be within about 20 feet of the 
transmitting antenna for powers of ten 
watts or above. The transmitter fre-
quency is adjusted for zero beat as heard 
in the earpiece or shown on the meter. In 
practice, little equipment has been en-
countered which can be adjusted below 
the beat note range without meticulous 
care. But this is much better than most of 
the ham transmitters you are likely to 
hear. Also, it is comforting to know that 
the error is mostly in the transmitter or 
receiver adjustment, and not in the test 
equipment. 

ham radio 
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an rf 
power 

for 
220 MHz 

amplifier 

Have you been 

avoiding vhf operation 

because of 

construction difficulties? 

Then meet the 

"220 Lady" 
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The apparatus shown in the photographs 
accompanying this article is a class-C rf 
power amplifier for the 220-MHz amateur 
band. It was designed and built to dis-
prove the remarks made by hams who 
claim that operation on 220 MHz 
presents too many technical difficulties. 
The classic remark is, "220 MHz is just 
too hard to get on." Well, all that is 
changed now. 

The amplifier described here has 
features that should appeal even to the 
most skeptical vhf critic. Standard parts 
are used, and if my layout and con-
struction suggestions are followed, the 
amplifier will give a good account of itself 
with a minimum of debugging. 

After a considerable amount of 
thought on the subject of why many 
hams shy away from building vhf ampli-
fiers, I arrived at the real reason: neutrali-
zation. Since this is the main objection, I 
decided to put it out of the picture once 
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and for all by designing an amplifier that 
requires absolutely no neutralization 
whatsoever. I further decided that the 
amplifier should require such minimal 
drive that the driver could be a multiplier 
(again, no neutralization). 

I dubbed this amplifier the "220 
Lady," simply because it behaves like a 
lady — in the classic sense, that is! From 
the moment it was first fired up, it was a 
perfect example of what a good amplifier 
should be: tame, cool running, and ef-
ficient. In fact, the night it was com-
pleted this amplifier was the subject of a 
lecture given at the Wichita Amateur 
Radio Club. 

Other than praise, there's little else to 
be said about the amplifier, as the 
schematic (fig. 1) and the excellent 
photographs (taken by a friend, Mike 
McConnel) just about tell the whole 
story. 

publication for beginner and experienced 
vhfer alike.1 

I'd like to emphasize one important 
point. It's strongly recommended that my 
design and layout be followed exactly. 
Parts layout, lead dress, and mechanical 
details have been very carefully worked 
out. The shielded wire (see photos) is an 
absolute necessity. Although some varia-
tion could be made in parts layout, I 
don't recommend it. The grid and plate 
tank circuits are rather old fashioned, but 
that's probably why the amplifier works 
so well. This construction method (fig. 2) 
is tried and true. If the amplifier "takes 
o f f " then you have made some mistake in 
wiring or have side-stepped my layout. 

bias requirements 

I hope you'll put the little bias supply 
where I did — under the chassis where it 
belongs! As to setting the bias voltage, 

Under-chassis view. Shielded wiring is necessary for circuit isolation at this frequency. Note simple 
bias supply, which doubles as tube-heater source. 

construction 

The fact that you've read this far 
indicates you're interested in getting on 
220 MHz. I'll assume you've had some 
experience in construction and wiring 
techniques at the vhf-uhf level. If not, all 
you have to do is read one of the many 
articles published on the subject. The 
vhf-uhf manual by G6JP is an excellent 

I've included photos and the schematic of 
the supply I use. It may differ a bit from 
your idea of what class C should be, but 
before you knock it — try it. I strongly 
advise against keying the amplifier in the 
cathode, as instability could result. We're 
talking about class-C operation, so key 
the transmitter where it should be 
keyed — in the exciter. 
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Top-chassis view of the amplifier. Parts layout should be close to that shown for trouble-free results. 

phone operation 
You want to modulate the rig? By all 

means, go ahead and plate modulate; 
remember, the amplifier is operating at 
class C. Interested in ssb? Just decrease 
the bias and increase the screen voltage, 
which should be obtained from a separate 
source, of course, Your scope will tell 
you when you have the correct bias 
adjustments. 

tube considerations 
If you have a 5894 it may be substi-

tuted for the 7854 but this may present 
neutralization problems which we're 
trying to avoid. Using the 7854, I ob-
tained rated output with a type 6360 
tube as a driver-tripler. Drive power is no 
problem; only a watt or two is required. 

The amplifier should not be operated 
at dc inputs exceeding 50-60 watts. Initial 

fig. 1. Schematic of the "220 Lady." Neutralization has been eliminated in this amplifier. Full dc 
input of 50 watts requires only one or two watts of drive. 
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circuit adjustments should be made with 
the aid of a grid-dip oscillator. These dual 
tetrodes (7854, etc.) don't take kindly to 
excessive out-of-resonance maltreatment. * 

conclusions 
This amplifier is just about the ul-

timate from the standpoint of cost and 
construction simplicity, but don't be de-
ceived — it's a real performer. The ampli-
fier is designed for cw and really does a 
good job in this mode. 

This article is a cart-before-the-horse 
thing. I told Jim Fisk I had an article on 
the exciter for this amplifier, but second 
thoughts led me to rebuild it for appear-

13 

LI 
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ances. Material can be small-diameter copper 
tubing or targe-diameter copper wire. 

ance as well as efficiency. So maybe this 
amplifier will at least sooth the editor as 
well as convince a few more fellows that 
it really isn't "hard to get on 220 MHz . " 

reference 
1. G. R. Jessop, C. Eng., MIERE, G6JP, "Vhf-
uhf Manual," Comtec Book Division, Box 592, 
Amherst, New Hampshire 03031 ($3.75 ppd). 

ham radio 

'Although not shown in the schematic, good 
insurance against tube failure is a screen-grid 
protective circuit. Several schemes are shown in 
the ARRL handbook, editor. 
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TRI-EX'S 
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QPPIPQ 
O l n I C O 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 91/2 sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65' . Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

• x TOWER CORPORATION 
RJtSMUSSEN AVE., VISALIA, CALIF. 93277 
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EIMAC's new 8873 family of 
grounded grid, zero bias triodes 

offers you top-man-on-the-frequency 
performance to 432 MHz. 

(Imagine how these tubes will work at 14 MHz). 

EIMAC's many contributions to grounded grid triode design and production have 
now been combined with the advantage of rugged, low-profile ceramic/metal 
assembly to bring you this new family of impressive high-mu triodes. They're inex-
pensive, and work up to 1000 watts PEP input at frequencies up through 432 MHz. 
Quickly, here are the outstanding features of tKese state-of-the-art tubes: 

88 and 73 
The numerals 88 and 73 have been a 

tradition in communications language for 
almost 120 years. The older of the two, 73, 
appeared in 1853, meaning "My love to you." 
In 1857, the first official definition made it a 
"fraternal greeting between operators." 
Two years later, 1859, Western Union made 
"73" a part of their "92 Code" to indicate 
"Accept my compliments." The final change 
came in 1895, when "73" meant "Best 
Regards" for the telegraph, and later for 
radio operators. 

"88" never received the formality of an 
official listing until it was adopted as one of 
the "Ham Abbreviations." It had been one 
of the telegraph operators' traditional terms 
since well before the turn of the Century. 
During the First World War, "88" was used 
by the U. S. Army Signal Corps, again strictly 
as an operator's abbreviation in unofficial 
communications. At the close of WWI, "88" 
achieved official status as a part of amateur 
radio terminology: "love and kisses." 
Louise Ramsey Moreau, 
WB6BBO/W3WRE 

CONDUCTION COOLED 
ANODE 

8874 ' I ! 
AXIAL COOLED 
ANODE 

' n , . 8875 1 

TRANSVERSE COOLED 
ANODE 
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8873 FAMILY 
BASE CONNECTIONS 

GRID 
RING 

2 9. 10 
5 6 

JEDEC #011-81 

1. Up to 1000 watts PEP input per tube to 432 MHz. Typically, 2000 volts at peak 
dc plate current of 500 milliamperes. 

2. Indirectly heated cathode. No expensive filament choke needed for grounded 
grid HF operation as filament is electrically isolated from cathode. 

3. Easy to drive. Extremely low grid interception plus ElMAC's exclusive self-
focusing cathode combine to provide high power gain, high overall efficiency 
and low, low intermodulation distortion. 

4. May be driven to full rated input with solid state driver in many cases. 
5. Inexpensive ($1.25) socket. No air ducting required. No expen-

sive glass chimney. 11-pin low inductance base and VHF grid 
ring provide excellent intra-stage isolation. 

6. Heat sink cooling available to full anode dissipation. 
7. Tubes may be mounted in any position, greatly aiding circuit layout. 
8. And, of course, no bulky screen or bias supply needed! 
Another example of ElMAC's ability to provide tomorrow's tubes today! 

Here are the numbers to prove it: 
The EIMAC 8873 is a grounded grid triode de-
signed for conduction cooling to a heat sink. 
See this 1971 design in tomorrow's ham gear. 
The EIMAC 8874 is electrically equivalent to the 
8873 but has a 400 watt anode designed for 
axial-flow, forced air cooling. 
The EIMAC 8875 is also similar to the 8873 with 
a 300 watt anode designed for transverse air 
cooling with a quiet and inexpensive "phono 
motor" fan. 
A pair of any of these exceptional triodes will 
fit in the palm of your hand. And will provide 
you a full 2000 watts PEP input for voice. They're 
rated for continuous RTTY service, too. We've 
built a single tube kilowatt 432 MHz stripline 
amplifier. It'll run 50% overall efficiency with 
25 watts drive. More than adequate for success-
ful moonbounce operation! 
14 MHz DX operation . . . RTTY . . . moonbounce 
at 432 MHz . . . widely separated goals, but all 
met by one family of rugged, ceramic/metal 
grounded grid triodes, by EIMAC. 

TYPICAL OPERATION, 
INTERMITTENT VOICE SERVICE TO 30 MHz 

Plale 
Vojtage 

Tooov" 

Zero-Signal 
Plate Current 

2lfrnA 

Single-Tone IVS 
Plate Current 

Useful Power 
Output 

500 mA 587 W 

Peak Drive 
Power 

26 W 

Cathode 
Voltage 

+ 8 . 2 V 

Resonant Load 
Impedance 

Intermodulation 
Distortion 
Products 

2140Q 
3rd order: 
5th order: 

-35dB 
-36dB 

Write to EIMAC for full details and suggested 
circuitry for this new family of tubes. The 8873, 
8874 and 8875. And 8873 to you. EIMAC, 
301 Industrial Way, San Carlos, Cali-
fornia 94070. Phone: (415) 592-1221. 

d i v i s i o n 
varian 

M o r e D e t a i l s ? C H E C K - O F F Page 9 4 j a n u a r y 1 9 7 1 QJJ 4 9 



inexpensive 
swr indicator 

A simple, 

easily constructed device 

that indicates 

behavior of your feedline 

at any point 

The fact that this standing-wave indicator 
is inexpensive in no way detracts f rom its 
usefulness as a measuring instrument in 
the ham shack. It 's not an in-line device 
and is not connected to the transmitter. 
Therefore it contributes no insertion loss 
and doesn't disturb the circuit w i t h which 
it's used. I t is simply an rf-current loop 
connected to a half-wave rectifier that 
actuates a sensitive dc microammeter. 

antenna feedlines 

I believe it's self-evident that there's 
no such thing as a perfect antenna. This 
leaves the ham wi th a choice of alter-
native compromises. He can erect a dipole 
antenna, which seems to be the most 
popular on the four lower-frequency 
amateur bands. Then comes the decision 
as to the best method of feeding the 
dipole. More and more hams are using 
R G - 8 / U 50 -ohm coaxial cable. T h e 
reasons are low cost, trouble-free service, 
and high eff iciency. 

T h e low impedance of R G - 8 / U 
dictates a current-fed system. It's wel l 
known tha t the feedpoint impedance of a 
half-wave dipole is closer to 7 0 than 5 0 

ohms. This means that a mismatch wil l 
exist between the feedline and the an-
tenna, which is a starting point for a 
whole series of loss parameters. 

cut-and-try matching 

One of the usual ways of compen-
sating for the mismatch between 50-ohm 
line and the antenna feed point im-
pedance is to start cutt ing the line, which 
may part ly reduce mismatch loss to a 
min imum. Another method is to use 
some type of matching device between 
transmitter and antenna so that the trans-
mitter is looking into the terminating 

J impedance for which it was designed. 
This involves added expense, so the 

^ average ham uses the cut-and-try ap-
£ proach until the transmission line electri-
g cal length is close to a half-wavelength or 

JJ mult iple thereof at the operating fre-
quency. When this condit ion is met, the 

« transmitter wi l l load property. 
$ Al l the cut-and-try matching method 
« does is improve the transmitter-to-l ine 
^ match; it does not improve the im-
« pedance match between transmission line 
5 and antenna. Transmission lines wi th a V) 
c characteristic impedance of 7 0 to 75 
•S ohms present a better match to a dipole, 

but this line is more expensive for the 
H m a x i m u m legal power. Therefore, most 
5 hams use the more inexpensive 50 -ohm 
c3 cable and live w i t h the consequent im-
> pedance mismatch. 
§ A n y mismatch — at the antenna or 
gj transmitter or both — can be indicated to 
g a varied degree by an swr meter, which is 
£ generally inserted between transmitter 
a and the load. When the swr meter in-

I dicates a 1:1 ratio, this means that the 
< transmitter is presented wi th a load 
- i whose impedance is equal to that of the 
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transmitter output circuit. It does not 
necessarily indicate that the transmission 
line is matched to the antenna. 

matching at both ends 
How then, you might well ask, can one 

tell how closely the feed line is matched 
at the transmitter and the antenna? 
Merely by building and using the swr 
indicator described here. Because this 
instrument will indicate the standing 
wave ratio at any point, and therefore at 
all points along the feedline, it is much 
more useful than the ordinary swr 
bridge/indicator usually employed. 

If you doubt what I'm saying, just 
take that swr bridge you've purchased 
and insert it into your transmission line at 
various distances from your transmitter 
by adding lengths of line, and you'll see 
immediately what I'm trying to put 
across. You'll find that the swr meter 
reads differently for each length of cable 
added. If it doesn't, pat yourself on the 
back, because you have a near-perfect 
impedance match between your rig and 
the antenna. 

construction 
The swr indicator is simple to build, as 

the photo shows. Total cash outlay for 
parts will be somewhere between $5.00 
and about $14.00, depending on how 

Business end of the simple swr indicator. An 
inductor, diode rectifier, and a few simple 
pieces of hardware make up the circuit. 

much you want to spend for the most 
expensive component — the micro-
ammeter. A complete parts list is pro-
vided in table 1. 

The coil is constructed with no. 14 dcc 
wire. Six turns are wound on a %-inch-
diameter dowel, with one layer of Saran 
wrap between wire and form to make coil 
removal easy. A coat of polystyrene dope 
is then applied to the coil to make it 
rigid. 

A 20-microamp meter makes a suffi-
ciently sensitive indicator, which will 
indicate currents as low as 1 micro-
amp — sufficient for very low-powered 
transmitters. 

I used a 1N34A diode rectifier, as it 

f ig . 1 . Circuit 
for the simple 
swr indicator. L1 
c o n s i s t s of 
20-inch piece of 

LI -r-v-YW. 
PICKUP OWL 

OOT5 ,lf04A 

BOltA 

no. 14 double-cotton-covered wire closewound 
on 3/4-inch form. 

exhibits little frequency sensitivity from 
the lowest ham band to 250 MHz. Suffi-
cient indication was obtained on all 
bands, so no tuned circuit was used. 
However, the sensitivity can be increased 
for one particular frequency by con-
necting a variable capacitor across the 
coil. 

The coil and diode were mounted on a 
piece of perf board, which was mounted 
directly onto the two machine screws at 
the rear of the meter. Watch the rectifier 
polarity — the positive end is connected 
to the positive side of the meter, and vice 
versa. 

The only other component is a 
1500-pF ceramic capacitor mounted 
across the meter terminals to bypass rf 
around the meter movement. The current 
is small, so solder well. 

operating principles 
Quite heavy current flows in the 

center conductor of a coaxial cable. The 
same current also appears in the outside 
braid. The only difference is that the 
current is concentrated in the inner con-
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table 1. Parts list for the inexpensive swr 
indicator. 

quantity Component 

1 20-microampere meter 
1 1N34A diode 
1 .0015 [IF ceramic capacitor 
1 perf board, 2-3/4 in. square 
2 meter connecting lugs, washers 
3 .065-in. connectors 
1 length no. 1 4 dcc wire, 20 in. long 

polystyrene coil dope 1 x 2 in. 
plastic sheet solder and hook-up 
wire 

ductor but is diffused to a great extent in 
the outer braid, which is capable of 
conducting about ten times the current in 
the inner conductor. However, the same 
amount of current is carried by the braid. 
It is this diffused, very minute current, 
that is indicated by the swr meter. 

using the instrument 
The outgoing current and any re-

flected current in the feedline will add 
and subtract in the feedline to form 
nodes (high current) or near-nulls {low 
current) at various points, which are 
generally unpredicatble. Sometimes a 
device called a transmatch is connected 
between transmitter and feedline to 
reduce the difference between these two 
currents; i.e., to tune the line. Such 
devices introduce some loss into the 
system. 

The swr indicator described here is not 
an in-line device. It is slipped over the 
transmitter-end of the feedline, and the 
feedline reconnected to the transmitter. 
The transmitter is then turned on, but 
not keyed. Then, while the indicator coil 
is held in one spot on the line, the 
transmitter is keyed for length of time to 
make one dot. The meter should show an 
indication. The procedure continues as 
follows: 

Slip the device along the cable a 
few feet, and again key a dot on the 
transmitter. This reading will pro-
bably be higher than the first. 
Either way, it will indicate a stand-
ing wave on your feedline. 

Mark the feedline at one-foot 
intervals as far as possible with a 

I ight-coiored crayon. Generally, 
there will be from 6 to 15 feet of 
line inside the shack that you can 
so mark. Move the coil along the 
line, key the rig and record the 
data. At one point you'll get a 
maximum reading, either side of 
which the indication will decrease. 
At another point on the line you'll 
get a minimum reading, either side 
of which the reading will increase. 
In my case, a node and null were 
obtained in just 6 feet of line, so I 
knew I had a high swr. If your swr 
is low, you may have to move the 
device along the line a greater dis-
tance to determine where node and 
null occur. 

determining swr 
Once you have recorded the readings 

on the meter, merely divide the lowest 
into the highest reading. The quotient is a 
sufficiently accurate indication of swr for 
most ham purposes. 

My feedline runs outdoors parallel to 
the ground for about 20 feet before 
heading up to hang at a right angle to the 
dipole. I used a coat hanger bracket to 
hold the meter onto a wood pole; this 
arrangement was slid along the cable to 
take additional readings. I obtained the 
same node/null readings as on the indoor 
section of line, so this procedure may not 
always be necessary or convenient. These 
indications, of course, occurred at dis-
tances further apart at 40 meters than on 
the higher bands. 

conclusion 
If, by chance, your swr is really low; 

i.e., very close to unity, this fact would 
be immediately obvious due to the very 
slight difference in meter readings over a 
quarter-wavelength of line at the opera-
ting frequency. 

The main advantage of this little 
device over an in-line instrument, such as 
the swr meter, is that no insertion loss or 
mismatch occurs between transmitter and 
load. Such loss may be significant at 
certain frequencies and power levels. 

ham radio 
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fire protection 
in the 

ham shack 

With a few 

simple precautions 

the electrical 

and fire hazards 

in your shack 

can be minimized 

Hot rocks and hot receivers are fine to 
have around the ham shack, but not when 
they are caused by a "hot house" — in 
other words, fire. Wherever there's elec-
trical gear, there's always the chance of 
fire. Furthermore, there is always other 
fire-prone stuff either in use or lying 
around the busy shack. 

It shouldn't take much talk to con-
vince any serious ham he should make a 
fire-safety check at regular intervals. The 
only trouble with this plan is that 
many fire-prevention precautions are so 
darn simple that they get overlooked. 
Let's look over some of the commonest 
hazards, and work up a check list to keep 
from missing any. 

electrical fires 

Hams have a special problem. A fire 
in the ham shack is always likely to be or 
become an electrical fire, because there is 0) 

E always electric power around. This situa-
™ tion demands special precautions. You 
£ can't just pick up a bucket of water and 
< heave it on. (Assuming normal equipment 
"c in your shack includes a bucket of water — 
t mildly unusual for a radio station, you 
^ must admit!) 

First, what is an "electrical fire?" Well, o ' 
i ? it always begins with an arc. When in-
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sulation breaks down, or the applied 
voltage is too high for the insulation, an 
arc "happens." Temperatures in even a 
tiny arc get pretty high - up into the 
thousands of degrees. 

The heat can melt ordinary insulating 

Fuse it . . . 

material, crack ceramic insulators, and 
raise the dickens in general. It can even 
make insulators into conductors, by car-
bonizing them! Phenolic and similar in-
sulators turn into carbon when they're 
burned, and away we go with more 
arcing. Carbon encourages the arc, which 
gets hotter, which carbonizes more of the 
insulator, and so on and on. The heat 
generated melts other insulation on 
nearby wiring — which can start still more 
arcs. You can wind up with a real mess. 

You could build a chassis that is 
absolutely fire-safe, if you want to. Glass-

insulated wire, ceramic insulators, chassis 
coated with Teflon, and liquid asbestos 
sprayed over the whole t h i n g . . . all 
would help, but would skyrocket the cost 
and be a lot of trouble. There's an easier 
answer — just give the thing better pro-
tection. If you can stop an arc as soon as 
it starts, you're in; the unit will easily 
keep its own cool. One way is simply by 
removing the power. 

fuses as friends 

The easiest way to stop an electrical 
fire is to keep it from getting started. 
What that boils down to is fuse pro-
tection on all electrical equipment in the 
shack! You might have the dangerous 
idea that "Aw, what the heck! It's only 
110 volts!" That little ol' 110 volts has all 
the current available it needs to burn 
your shack to the ground. Current is what 
makes an arc so hot and destructive. {An 
arc-welder puts very low voltage on its 
electrodes, but the dozens of amperes 
that flow in them can melt steel.) 

Fuses are affected mainly by current. 
T h e voltage rating you see on a fuse is put 
there so you won't use it in some circuit 
where the voltage is so high that an arc 
could form across the fuse after the 
fusible wire inside has melted. The princi-
ple of correct fusing is: use a fuse that 
can carry the normal current load, but 
will open up instantly whenever there is a 
serious current overload (such as caused 
by an arc). 

There are also small circuit breakers, 
which do the same job of protection. 
Chassis-mount circuit breakers come in 
ratings from 0.325-amp up to 7.0 amps. 
The kind that go in the ac line range from 
5.0 amps to any size you need. However, 
the small ones will protect ham gear. 

So, there's the first point for your 
fire-prevention check check list. Make 
sure every piece of gear in the place, 
down to the soldering iron, is protected 
by fuses of the right size! When you build 
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anything, even kits, if the designer didn't 
use fuses where he should have, you add 
them! There is a simply amazing number 
of units that have no protection at all, or 
not enough. 

The diagram in fig. 1A shows two 
places where they'll do the most good. If 
your rig uses the popular bridge rectifier 
circuit as in fig. IB, the secondary fuse is 
best put in the dc output circuit. A short 
in one of the rectifiers or filter capacitors 
would have to blow the primary fuse. 

You need to know only one thing to 
add a fuse: how much current the equip-
ment draws normally. Add a little safety 

is flowing (automatic Ohm's-law com-
puter). On factory-built gear, there is a 
rating-plate, usually near the line cord. 
Divide the wattage by 115 to calculate 
the primary current. 

If you have some piece of gear that 
needs a fuse, but the chassis is so crowded 
it would be hard to mount, try a "fusible 
plug" on the line cord. A pair of glass 
cartridge fuses, which can be any size 
from %-amp up to 20-amp or more, fit 
into push-in clips. To replace a blown 
fuse, you just push it out of one end with 
a stick or kitchen match, and push the 
new fuse in. 

- O h -C f^ o- fig. 1. Methods of fusing 
power supplies. 

-nzD-
~7h 

© 

flID-

factor of about 50%. Up to about 10 
amps, the fuse rating can be about double 
the normal current; in the higher values, 
up to 15 or 20 amps, use a smaller 
margin. 

To find out normal current for a B+ 
fuse, insert a dc milliammeter at the point 
where the fuse is to be connected. 
Primary fuses aren't that easy to figure, 
since ac ammeters aren't common. Easy 
way: hook a 1-ohm wirewound resistor 
(big watts) in series with the primary, and 
read the ac voltage across it with the 
equipment operating at full load. A 1-volt 
drop means 1 amp of alternating current 

So, the fuse is your answer. You can't 
usually clear a short once the arc has 
started, so you had better get power off 
that circuit as quickly as you can. The 
best way is with a fuse. Without current, 
the arc must stop. Result: no more fire 
hazard. 

behind the wall outlets 

A n important factor in fire safety is 
the ac wiring. If you live in a house more 
than 20 years old, look it over. The 
fixtures (outlets, switches, etc.) used then 
weren't as good as those now. Besides, 
they're 20 years old. Wall outlets and 
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receptacles were rated at about 600 
watts, which isn't much today. Plug in a 
big transmitter, a receiver, and a soldering 
iron, and you've had it. 

Plug in a big transmitter, a receiver, and a 
soldering iron, and you've has it. 

So what happens? The contacts (even 
if they're bright and clean, which they're 
not) get hot. This makes them tarnish, 
which makes them get hotter, which 
makes them get dirtier, which makes 
t hem . . . (sound of fire sirens ap-
proaching). 

Modern outlets have a minimum rating 
of 15 amps, or 1800 watts, and you can 
buy 20-amp types for practically the 
same price. Contacts run cooi. 

The ac wiring in old houses is often 
only number 14 solid, which is not very 
heavy. Maximum current it can safely 
carry is a measly 4.6 amps. More than that 
makes the wire get hot. And there you 
have another f ire hazard. 

The shack can have surface-type fit-
tings, wi th Romex cable along the surface 
of walls or f loor, on the underside of the 
operating bench, etc. However, be sure 
the wire can carry your maximum 
load — and then some. 

Don't start heavy shack-wiring at an 
existing outlet-box. This is worse than 

useless; it's dangerous. If you tap a wall 
outlet that happens to be at the end of 
about 50 feet of number 14 wire, you can 
heat up the old wire with the overload. If 
special ham-shack wiring is installed, go 
all the way to the main breaker-box or 
load-center, and run new heavy wire from 
there. 

If you have a big rig, say a full-gallon 
transmitter plus a good-sized receiver, 
those babies are going to draw a pretty 
good hunk of current. With a ki lowatt of 
rf coming out, the transmitter alone can 
use up 2000 watts. The receiver takes 
another 150 -200. That's crowding even 
the best modern outlets. 

It would be better to run a special line 
right into the transmitter cabinet. A pair 
of standard home-type circuit breakers 
(one in each side of the line) can mount 
on the back of the cabinet in a neat metal 
box. You can also use them as a master 
switch when you want to work on the 
transmitter. 

the lightning hazard 

Lightning is a fire danger you can't 
always do a whole lot about. With that 
nice, big four-element "l ightning-rod" 
sticking up outside, you're apt to get a 
shot once in a while. The basis of all 
lightning protection is keeping the hot 
stuff outside the building and shuttling it 
off to ground as quickly as possible. 

Thing number 1 is a good lightning 
arrester. You can't actually "arrest" 
lightning, but you can "steer i t " some 
place where it wil l do the least damage, 
and where it won't set the place afire. An 
arrester carries the energy off to ground 
by providing an easy path for it. The 
connection f rom arrester to ground had 
better be short, heavy, and direct. A 
too-small ground wire wil l simply 
vaporize if it gets a solid hit. 

The coaxial transmission lines so 
popular now are safer than older open-
wire lines. You can make a good lightning 
arrester from the cable itself. Carefully 
slit the outer jacket, near where the line 
enters the building. Turn the insulation 
back, and wrap 8-10 turns of clean. 
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heavy, bare copper wire snugly around it. 
Don't solder it; you'l l melt the plastic 
insulation. Cover this with at least two 
layers of tightly wrapped plastic tape, and 
spray the outside with a couple of coats 
of an acrylic plastic like "K ry lon Clear." 
Run the other end of the copper wire 
straight down (don't make sharp bends in 
it) to an 8-foot ground rod, driven all the 
way in. 

For open-wire transmission lines, a 
wide-spaced spdt knife switch can be used 
to disconnect the transmitter and ground 
the antenna when you're not around. 

Even with these precautions, a direct 
hit can wander all over your incoming 
leads and wires. To minimize the chance 
of a fire starting, run all transmission lines 
well away from wooden walls, drapes, 
and any flammable materials. Even a 
coaxial transmission line can get very, 
very hot if it's carrying a lightning surge. 

(We've seen coax line welded to a 
100-foot tower, all the way up!) 

A system of good grounds is one of 
your best lightning-damage preventives 
inside the shack. Run a good, heavy wire 
from your transmitter cabinet (receiver, 

cab ine t , t oo ) over to a good 
ground — cold-water pipe if you must, 
but the deep rod outside is better. Up-
stairs shacks must use a very heavy 
ground cable; you can often get pieces of 
stranded pole-guy cable from the power 
company. 

A surprising amount of energy is float-
ing around on the ac power lines when 
you get smacked by lightning. So, 
proper-sized fuses can do a lot to protect 
your stuff. With a direct hit, the fuses will 
vaporize instantly (and the fuse-holder 
may, too — wait till you see a 2-pound 
ceramic fuse-holder blown to powderf). 
However, when they go, they'll leave the 
circuit open, and there won't be so much 
likelihood of arcing from the hot power-
line to start fires. 

diverse dangers 

Watch the common things you're apt 
to forget. Take the soldering iron. It's 
handy and all that, but it does get plenty 
hot. Put yours on a heavy stand that can't 
tip over. A stand with a screen or mesh 
cover over the barrel is best. Keep rags or 
scratch-paper away from the barrel of the 
iron. Be a good housekeeper, and you'l l 
be much more fire-safe. 

Now and then you have to use chemi-
cal compounds to clean things around the 
shack. Switches and such things get dirty, 
and you have to police-up so they'll work 
again. Be darn sure the cleaner is fire-
proof. Nobody in his right mind would 
use gasoline for this, but lighter fluid can 
be just as dangerous. A little vapor . . . a 
spark . . . and BOOM. 

Carbon-tet is fireproof, but the vapor 
can make you pretty sick. The safe stuff 
is the spray-can cleaners. They're non-
flammable, and there are no noxious 
vapors. Also, they do a better job of 
cleaning. 

If your shack is in its own separate 
little building, a gas stove for heating can 
be dangerous, especially the open-flame 
type without a vent to the outside. Check 
the connecting hose at the gas outlet 
often, to make sure there's no leak. 
Natural gas is bad enough, but bottle-gas 
is worse in one respect: It's heavier than 
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air. If there's a leak, a layer of gas forms 
from the floor up. When the layer gets 
high enough, any spark (like turning on 
the shack lights) can set it off. Then, if 
you don't have a fire, you may have an 
air-conditioned shack — no windows, and 
maybe no door (and probably no roof). 

Heating gas is odorized so you can 
smelt a leak. So, if you think you smell a 
skunk when you walk in, keep your 

it does get plenty hot . 

fingers off the switches until you find out 
what's causing the smell. 

if prevention fails 

We've mentioned the most likely con-
flagration-commencers, and how to keep 
them from starting a fire. What do you do 
if a fire suddenly blazes up anyway? 
Easy — grab your fire extinguisher and 
pour it on. That's fine, b u t . . . be darn 
sure you grab the right kind of fire 
extinguisher! The wrong kind can get you 
killed. 

If there is any electrical hot stuff in or 
near the fire, and there probably will be 
somewhere, DON'T use a soda-acid, a 
foam, or a carbon-tetrachloride ex-
tinguisher. 

The soda-acid types are those old ones 

you see hanging on the walls with a hose 
on top. You turn them upside down to 
spray the fire. The solution in them is 
mostly plain water. You can figure out 
what can happen when a half-inch stream 
of conductive water hits a live 2,000 
volts, with you hanging onto the metal 
case. You'd better hope you're standing 
on dry rubber. 

The foam types contain mostly water 
mixed with special chemicals. The popu-
lar carbon-tetrachloride types are okay if 
you're out-of-doors. Carbon-tet is a very 
good fire-extinguishing fluid, but when it 
strikes a hot fire, the fumes are deadly 
poison! They are phosgene, the toxic gas 
used during World War I. In a small room, 
and most ham shacks are small, it can put 
you off the air permanently in just a little 
while. So, don't use carbon-tet in the 
shack, unless you have time to stop and 
put on a gas mask! 

There are three types of extinguishers 
recommended for use on electrical fires. 
The best known of these is the C02-
type . . . or "fogbottle," as some people 
call them. (Don't confuse it with what a 
fireman calls a "fog nozzle" which is a 
special hose-nozzle that sprays plain 
water in a very fine mist.) The carbon-
dioxide gas smothers a fire by keeping it 
from getting enough oxygen to burn. It is 
harmless to humans. 

The second type is a dry-powder ex-
tinguisher, which uses plain bicarbonate 
of soda as the fire-snuffer. The powder is 
often packaged in long paper tubes; you 
tear off the cap and toss the powder at 
the fire. Better ones are pressurized, and 
spray the powder on the fire. 

Freon gas, the propellent in most 
pressurized spray-cans, is used in another 
electric-safe extingusher. Freon provides 
its own pressure so is easy to spray at the 
base of the flame. It works just like 
carbon-tet, but does not liberate toxic 
fumes. 

You can buy any of these three 
extinguishers in supermarkets and drug 
stores, in 1- and 2-pound capacities. 
These sizes are not recommended for big 
fires. The fire chief will tell you the best 
sizes are 5- and 10-pounders. These will 
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put out most fires completely, even 
though they have a good start. 

fire alarms 

If you're in the shack when a fire 
starts, you can combat it instantly. If 
something heats up while you're out of 
the shack, that's different. Some kind of 
automatic fire-alarm system can give you 
a warning that action is needed and 
needed right now! 

The alarm itself can be a loud bell or 
anything else with an unmistakable 
sound. It can be ac-powered, or have a 
battery if you want a fail-safe system. 
You can rig up a little charger across the 
battery. 

You'll need some kind of sensors that 
will detect heat, flame, or smoke. This 
can be done in dozens of different ways. 
You can have a lot of fun thinking up 

FIRE-PROTECTION CHECK LIST 

1. Electrical 
(a) Does all equipment have fuses? 
(b) Are they small enough to give real 

protection? 
(c) Is all wiring heavy enough to carry 

its normal load without heating? 
(d) Are all outlets and switches in 

good shape — not dirty or loose? 
(e) Is the radio gear fully protected by 

suitable lightning arrester? 
(f) Are your fire extinguishers the 

correct type for use 'on electrical 
fires? 

2. Housekeeping 
(a) Is the shack neat? 
(b) Are papers, old magazines, or 

other flammable materials stacked 
around in corners? 

(c) worse still, are they stacked right 
on top of hot electrical equip-
ment? 

(d) Is the workbench soldering Iron 
protected against rags or paper 
falling on the hot barrel? 

(e) Is the wastebasket made of fire-
proof metal or of meltable plastic? 

(f) Is the wastebasket full, running 
over, or kept nearly empty? 

(g) How are the ashtrays? Full? Clean? 
Big enough for a long rag-chew? 

H e a t h k i t GO-77 receiver alarm 
sounds high-pltchad electronic tone 
when actuated by GD-97 transmitter. 

gadgets that will detect fire. 
One of the simplest is shown in fig. 2. 

It's a clip-type clothespin swiped from 
the clothes-washing department. Put a 
couple of thumbtacks in the jaws for 
contacts. Then rig up something to hold 
it open until it senses fire. Years ago, a 
small loop of celluloid movie film was 
used, which burned instantly. Modern 
plastics aren't too good; most are fire-
proof. However, a loop of fine thread is 
okay. Use just enough to hold the jaws 
open against the spring tension. This 
thread will burn open almost instantly; 
test it to make sure. 

Transistors are heat-sensitive, some 
amazingly so. When a transistor's temper-
ature goes above a certain point, it will 
conduct heavily, often going into ava-

fig. 2. Simple heat sensor consists of 
h o u s e h o l d c lothespin, thumb-tack 
contacts and loop of fine cotton thread. 
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Heathkit GD-87 smoke detector o 
actuates if smoke or 133 F heat is 
present. 

lanche. You could connect the transistor 
across the input of a small dc-coupled 
amplifier. A change of resistance in the 
sensor transistor will trigger a stage that 
closes a relay. 

Thermistors could be used, fastened to 
parts that might overheat. A bridge cir-
cuit will respond whenever the ther-

Heathkit GD-97 utility transmitter 
accepts any type switch or sensor to 
detect hazard you wish to guard 
against. 

mistor's resistance goes down as its 
temperature rises. 

Smoke detectors can be simple: an 
amplifier circuit with a phototransistor at 
its input. Mount a pilot light to shine on 
it through a small light-tight tube. This 
setup is put just above any equipment 
where fire might start. If smoke comes up 
the tube, it wil l cut down the amount of 
light falling on the cell; this changes the 
cell resistance and . . . ding-a-ling-a-ling! 

For maximum protection, make your 
system fail-safe. Design it to react, trip-
ping the alarm, if its power supply or any 
of its parts fails. The principle is simple. 
Use a normally closed relay, and design 
the system so the relay is pulled 
in — energized — in the cool condition 
(no fire). If fire is detected, current is cut 
off and the relay drops out (closing the 
contacts). If the power-supply fails, or 
one of the amplifier parts should 
blow — same thing. No matter what 
happens, the relay armature is released, 
and the contacts close, sounding the 
alarm. The alarm bell must have its own 
separate battery supply, applied by the 
relay. 

Ham ingenuity will bring out many 
other ways of doing this important job. 
Just look for some kind of device that 
responds to heat, or to smoke, and there 
you are. If you don't like to design 
things, there's a kit available from Heath 
Company; you can see it in the photo. It 
is wireless and has several kinds of 
sensors. 

do it now 

There are wise sayings we could finish 
with, like: "Don' t throw lighted matches 
into the wastepaper baskets full of old 
message blanks." But this is kid stuff. If 
you're not smarter than that, you haven't 
read this far. 

There is a surprising amount of un-
protected gear around the average ham 
shack, if you get right down and look for 
it. When you find something like that, 
add the needed protection. It won't take 
long, it won't cost much, and the peace 
of mind will more than make up for it. 

ham radio 
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mosfet converter 
for 

receiver 
instrumentation 

The Heathkit SB-610 

monitor scope 

can be used 

in the receive mode 

with this circuit 

An old saying is that necessity is the 
mother of invention. In this case the 
adage is quite precise. I own a Drake 
TR-4 transceiver and wanted to use a 
Heathkit SB-610 monitor scope to ob-
serve signals in the i-f passband of the 
TR-4 receiver section. However, the TR-4 
i-f is 9 MHz, while the vertical amplifier 
in the SB-610 is only capable of respond-
ing to signals up to 6 MHz. This article 
describes a simple local-oscillator/mixer I 
built to put the TR-4 receiver i-f passband 
where the SB-610 could handle the fre-
quencies involved. 
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The SB-610 verticle amplifier has a 
peak sensitivity of 70 mV/inch (rms) of 
the vertical deflection if the vertical 
amplifier is tuned to 455 kHz. This is in 
contrast to 600 mV/inch at 6000 kHz. A 
mixer is obviously needed, and, as can be 
seen by comparing sensitivities, 455 kHz 
offers the best response. 

A tube-type mixer involves cumber-
some components for heater and plate 
power. I, therefore, decided on a tran-
sistor mixer, which requires only a small 
battery. 

conversion gain 
A conventional bipolar transistor 

mixer, operating in the driven-emitter 
configuration, requires substantial drive 
from the local oscillator. Furthermore, 
this circuit gives conversion gain. Conver-
sion gain is defined as 

gain in dB = 20 logioE0ut/E in 

where 
E 0 ut = converted-frequency output 

voltage 

Ej n = amplitude of the voltage to be 
converted as presented to the 
mixer transistor base 

After reading some articles on the dual 
insulated-gate mosfet mixers, I decided 
that this device fulfilled the goals of this 
project; i. e., simplicity, light loading of 
the local oscillator by the mixer, and a 
conversion gain of up to 18 dB. 
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the circuit 
The converter schematic is shown in 

fig. 1. The LO signal is applied to gate 2 
of the 3N159, which must be biased to 4 
volts by the divider across this part of the 
circuit. Both gates of an igfet present a 
very high impedance to the driving signal, 
usually of the order of 100k ohms. The rf 
signal to be converted is applied to gate 1, 
where no special biasing is needed. How-
ever, this gate is tied to ground through a 

local oscillator 
The diagram shows a typical circuit 

available from International Crystal.* The 
oscillator is specified for 0.2 volt across a 
50-ohm load. The obvious impedance 
mismatch is unimportant in this applica-
tion, because distortion and power trans-
fer are not an issue when trying to obtain 
a voltage swing across such a high im-
pedance as that presented by the igfet 
gate. 

+ 9V 

fig. 1. Schematic of the 9-MHz to 455-kHz I-f converter for driving a Heatbkit 5B-610 monitor 
scope in the receive mode. The igfet mixer provides 18 dB conversion gain with very low injection 
voltage. 

high resistance to protect the device from 
static charges or transient voltages. 

The 3N159 drain contains two 
455-kHz i-f cans. The first i-f can is in the 
drain to present a high impedance to the 
converted signal. The other i-f can is used 
to match the low-impedance output of 
the first i-f can to the high-impedance 
input of the tuned vertical amplifier of 
the SB-610. 

* The LO may be obtained from International 
Crystal Manufacturing Co., 10 North Lee, 
Oklahoma City, Oklahoma 73102. The type 
OX in kit form is about $3.00. Crystals for any 
frequency can be ordered for about $4.00. The 
3N159 is available from Allied Electronics, 100 
North Western Ave., Chicago, III. 60680. Cost is 
about $2 .00 in small quantities. 

construction and operation 
Construction is not at all critical, nor 

is the supply voltage. The conversion 
frequency can be changed easily by track-
ing the LO frequency 455 kHz below the 
incoming rf signal. I varied the voltage 
applied to both the igfet and the oscilla-
tor from 4 to 9 volts without any 
degradation of signal quality or ampli-
tude. Current drain varied from 12 mA at 
4 volts to 40 mA at 9 volts. The voltage 
for the 3N159 can be varied anywhere 
between 5 and 9 volts with no noticeable 
deterioration in output amplitude or 
quality. 

The current drain for the entire circuit 
is approximately 40 mA, depending on 
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INTEGRATED CIRCUITS 
FACTORY FRESH - NO REJECTS 

W/SPEC. SHEET 

FAIRCHILD - MOTOROLA 
UL 900 BUFFER 8 0 c — 1 0 / 6 . 0 0 
UL 914 GATE 8 0 c — 1 0 / 6 . 0 0 
UL 923 J.K. FLIP-FLOP $ 1 . 5 0 — 1 0 / 9 . 0 0 
MC 790P DUAL JK FLIP-FLOP, $ 2 . 0 0 — 1 0 / 1 8 . 9 5 
MC 789P HEX INVERTER ) , 1 f l 

MC 724P QUAD 2 INPUT GATE t 
MC 799P DUAL BUFFER ( 10/9.50 

MC 780P DECADE . . $3.50 
MC 767P QUAD LATCH $3.50 
MC 9760P DECODER DRIVER $5.50 

THREE ABOVE $11.95 

R & R ELECTRONICS 
311 EAST SOUTH ST. 
INDIANAPOLIS, IND. 
46225 

$ 2 . 0 0 m i n i m u m o r d e r F O B I n d i a n a p o l i s . 

supply voltage. Despite the impedance 
mismatch, no problems were encountered 
in driving the very high impedance of the 
3N159 gate. 

The coupling capacitor f rom the plate 
of the last i-f stage in the receiver was 
selected for the smallest value necessary 
to ensure adequate display height on the 
SB-610. 

The reason for the dual 455-kHz i-f 
transformers was based on impedance-
transformation considerations. The 
minature transformers available to me 
had a high-impedance input with a low-
impedance output, whereas the input of 
the SB-610 is about 100k ohms. 

precautions 
The igfet comes with a shorting clip 

that connects all leads together. This clip 
should be left on the device until it is 
placed in the circuit. Don't allow your 
fingers to come in contact wi th any part 
of the device except the case during 
installation. A small piece of solder can 
be wrapped around all leads, then the 
solder can be removed after installation. 

final observations 
The RCA 40673 dual-insulated-gate 

mosfet is zener-protected and may be 
directly substituted for the 3N159 in this 
circuit Such substitution is highly recom-
mended, as the special-handling problem 
of the device is eliminated. 

If at any time you think you may have 
damaged the 3N159, the device can be 
easily checked. With a drain voltage of 10 
volts and 120 ohms in the source; and 
with both gates tied to ground through a 
high resistance (100k), a drop of a few 
tenths of a volt should be observed across 
the source resistor. In addition, if gate 2 
is biased up 1 or 2 volts, the current wil l 
rise sharply to 4 mA or greater, depend-
ing on source resistance and drain voltage. 
Note that the characteristics described 
pertain to n-channel depletion-mode fets 
only! 

I 'd like to express my thanks to Leo 
Bovard, W9SCK, for his help in the 
development of this project. 

ham radio 
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tebook 

testing unknown meters 
A typical 10-megohm or higher vtvm is 

an excellent tool for testing unknown 
meters to determine their approximate 
current ranges without the danger of 
pinning the needles or burning out the 
windings. 

Set the vtvm to OHMS and the range 
dial to R x 1 MEG. Connect the test leads 
to the unknown meter. Move the range 
dial, one step at a time, through R x 
100k, R x 10k, etc., until the meter 
under test reads upscale. 

The maximum current through the 
meter from a typical 10-megohm vtvm 
(Lafayette KT-174, for example) is as 
follows: 

range 1 max vtvm t % 
series res. 

R x 1 meg 0 . 1 5 6 fxA 10 meg 
100k 1.56 MA 1 meg 

10k I S . 6 IXA 1 0 0 k 
I k 1 5 6 . 0 AtA 10k 

100 1 .56 IDA 1 k 
10 15 .6 m A 9 9 . 1 * 

1 1 70 .0 m A 9 . 1 * 

*0 .9 o h m is a l lowed for the internal resistance 
of the D cell and test lead. 

The effect of the meter resistance on 
the first four ranges of the vtvm is usually 
negligible. Don't try this idea with a vom. 

The currents wil l almost surely be much 
greater than those shown above, and the 
meter being tested may be destroyed. 

Harold E. Brown, W10NC 

adjustment screwdriver 
Many transceivers have internal adjust-

ments for the S-meter, final-amplifier 
bias, carrier null, etc. Trying to get a 
screwdriver into these adjustments 
through the perforations in the cover is 
next to impossible. Here's what I use. 

I fashioned an ordinary wire coat 
hanger into an adjustment tool by clip-
ping the hanger about VA inches each side 
of where the V is formed. Then I straight-
ened this section until it was perpendicu-
lar to the hook. Next, I straightened the 
hook and filed the end until it was flat 
enough to f i t into the transceiver adjust-
ment slots. The finished tool should have 
the appearance of a T. 

The tool is small enough and long 
enough to go through the holes in the 
transceiver cover, and it is strong enough 
to withstand the torque of some of the 
more stubborn adjustments. It's also han-
dy for tapping those sticky change-over 
relays that hang up once in awhile. Dan F. Davis, WA0KGS 
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75A-4 modifications 
To anyone who has owned and cher-

ished a 75A-4 receiver for many years, as 
I have, the discovery that it has developed 
sensitivity and frequency-stability 
problems is like discovering a trusted 
friend to be unfaithful. Here are some 
solutions to these problems, plus a hint to 
improve the receiver's audio response. 

insensitivity 
Loss in sensitivity first appeared as a 

loss of one or two S-units after about an 
hour of operation. {I use the "calibrate" 
signal as a sensitivity reference for a 
specific S-meter reading at 14.2 MHz, 
with a 50-ohm dummy antenna.) Sensi-
tivity loss gradually increased until it was 
6 or 7 S-units after 15 minutes of 
operation. 

After several frustrating weeks of 
signal tracing and a new set of tubes, I 
was about to give up when I stumbled 
onto the answer. The "rejection tuning," 
which is a bridged-T filter, has a sharp, 
deep null when properly adjusted. I 
noticed that when the set was first turned 
on, the "rejection tuning" behaved 
normally, but after warmup the null 
deteriorated and finally became useless. It 
seemed as though a comparitively low 
resistance was across the bridged-T in-
ductor, L26. 

The schematic shows one-half of V7, 
the Q-multiplier tube; some resistors; a 
choke; and C71, a 1000-pF capacitor in 
series across this inductor. Checking with 
a vtvm between ground and either side of 
L26 showed a positive voltage, which 
varied between 2 and 5 volts. I discon-
nected C71 from the inductor, but left 
the other end connected to the plate of 
V7 (and hence, B+). When I touched the 
vtvm probe to the free end of C71, I 
found the positive voltage to be even 
higher and still varying. 

I checked other grids in the receiver 
with the vtvm and found four other leaky 
capacitors. When these were replaced, the 
sensitivity problem cleared up com-

pletely. A vtvm must be used, however. A 
20k-ohms-per-volt vtvm simply shorts the 
leaky voltage to ground and gives no 
indication. 

probable cause 
When checking for leaky capacitors 

the set must, of course, be on and the rf 
gain control positioned fully clockwise. If 
the rf gain control is backed off, the 
higher bias voltage will swamp the leakage 
voltage on some of the grids. I can only 
conjecture as to the cause of the capaci-
tor leakage; but my friend Ray Wood, 
W9SDY, suggests migration of the silver 
coating on the mica. Until a better 
explanation comes along, I'll accept Ray's 
theory. Migration is supposed to acceler-
ate in the presence of a dc voltage. 
However, some unused mica capacitors of 
the same type and vintage showed leakage 
to some degree; new units showed no 
leakage at all. 

frequency instability 
The frequency instability problem be-

came evident in exactly the opposite 
manner. The pto frequency jumped 
around for about ten or fifteen minutes 
after the set was turned on, then settled 
to its usual rock-steadiness. 

According to an article in QST,1 in-
stability in the pto can be attributed to 
several factors, including capacitor C205, 
a 51-pF mica of the same type as those 
giving sensitivity problems. When I orig-
inally read the QST article, I assumed 
C205 might be changing value. However, 
after the previous experience with leak-
age, I found that a vtvm check between 
pin 1 of V15 and ground showed the 
telltale positive voltage. 

After the set had been on for 10-15 
minutes, the positive voltage disappeared, 
and the pto became stable. I suspect that, 
since a current flows through the capaci-
tor when the pto is operating, the leakage 
path burns off after several minutes, then 
regenerates when the set is turned off. At 
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ALL SOLID-STATE 
SSB TRANSCEIVER -

. Complete single-band SSB transceiver 4 to 5 
watts PEP output 15, 20, 40, or 75 mtrs. 

• VXO tuning up to 100 KHz or 2 fixed freq. 
• Suitable for dry battery operation. 
• Light weight, small size makes excellent 

portable - boat, aircraft, field or mobile. 
. Contains 15 transistors, 1 MOSFET, 2 darling-

ton amps., 1 I.C. and 17 diodes. Four-pole 
filter. 

• Some options available to customer require-
ments. 

• Furnished with spare switching and final amp. 
transistors, dummy load and extra plug. 

JUSTIN, INC. 
2663 NORTH LEE AVENUE 

SOUTH EL MONTE, CALIF. 91733 

C Q tie W 2 K U W 
5°/o BONUS PAID FOR 

• M A C A N D V A R I A N T U B E S 

ESPECIALLY: 

4-65A, 4-125A, 4X150A, 4-250A 
4CX250B-K or R, 4-400A, 445A 
4-1000, 4CX1000, 4CX5000, X13 
etc. 

EQUIPMENT: 
R390A, GRC 106-108, PRC 9, 10 
25, 74, 77, URC9, VRC 12, etc. 

The TED DAMES Co. 
308 HICKORY ST., ARLINGTON, N. J. 07032 

Phone: 201 998-4246 

any rate, the pto remained stable after 
installing a new capacitor for C205. 

audio response 
I became increasingly annoyed by an 

emphasis on the bass of the audio re-
sponse as both the 75A-4 and I grew 
older. I realize that as we grow older our 
ears become less sensitive to the higher 
frequencies, but retain their response to 
the lower frequencies, thus accenting the 
bass. 

A newly acquired audio generator pro-
vided the opportunity to check the 75A-4 
audio response. A surprisingly high peak 
(10 dB) appeared at 100 Hz, which 
decreased sharply on either side, to a level 
output between 300-3000 Hz. 

Reference 1 suggested that feedback 
resistor R71 be removed. I tried this 
when I first read the article, but I didn't 
like the increase in audio, which required 
riding the af gain control; nor did I like 
the unpleasant audio quality. 

The audio-signal generator showed 
that, with resistor R71 disconnected, the 
100-Hz peak disappeared and the entire 
audio response became a broad peak 
centered around 3200 Hz. Substituting a 
100-k resistor for the 33k originally used 
for R71 eliminated the objectionable 
100-Hz peak and smoothed the entire 
audio response. A 1-meg resistor in series 
with the af gain control improved its 
action. 

less bass response 
Another source of bass emphasis is the 

cathode network associated with the 
noise-limiter diode, V 12. Since the limiter 
is useless for cw and ssb, I removed V 12 
and inserted the leads of a 0.005-juF 
capacitor into the tube socket (holes for 
pins 2 and 7). This connects the detector 
output directly to the af gain control and 
eliminates the cathode network. If you 
would like even less bass, use a 0.001 nF 
capacitor. 

reference 
1.P. Rockwell, W3AFM, "Station Design for 
DX," QST, November, 1966, p. 53. 

Albert G. Shafer, W4SD 
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heathkit wattmeter/ 
swr bridge 

9 

The new Heathkit HM-102 watt-
meter/swr bridge covers the frequency 
range from 1.8 to 30 MHz with watt-
meter accuracy ±10% of full-scale read-
ing*. The power capability of this new 
instrument is 2000 watts with full-scale 
readings of either 200 or 2000 watts. The 
built-in swr capability allows proper an-
tenna tuning and transmission line im-
pedance matching. The unit has a 
nominal 50-ohm impedance and provides 
negligible loss when inserted in a 50-ohm 
line. The remote torodial-type detector 
permits placement of the meter in a 
convenient location. The HM-102 kit is 
priced at $29.95 from the Heath Com-
pany, Benton Harbor, Michigan 49022, or 
use check-off on page 94. 

'When calibrated on the 40-meter band 
through 300 feet of RG-58/U into a 50-ohm 
load. 

collins receiver 

The new Collins 651S-1 is one of the 
most versatile general purpose receivers 
ever developed, providing highly reliable 
reception from 0.4 to 30 MHz, with 
tuning phase-locked in 100-Hz steps. 
Because of the unique tuning system of 
the 651S-1, the convenience and "feel" 
of traditional receiver tuning is not sacri-
ficed as a result of using discrete 100-Hz 
frequency steps. Large changes in fre-
quency are aided by the 0.1-MHz and 
1-MHz selector knobs. 

Capabilities of the radio include com-
puter programming, independent side-
band, narrow band fm, operation from a 
remote control head, compatability with 
secure voice modems, phase-locked or 
manually adjusted vbfo, and syllabic 
squelch providing better reception of a 
weak voice signal in the presence of 
background noise. 

Frequency readout on the front panel 
is provided by six light-bar devices, each 
of which consists of a seven-bar fluores-
cent segment tube. 

The receiver construction techniques 
include Collins multilayer circuit boards 
mounted in plug-in card installations with 
blue-line connections. Micro-electonics 
logic and linear circuits are utilized. The 
plug-in card technique, along with con-
venient arrangement of other parts of the 
radio, provides easy accessibility. The 
receiver has no mechanical linkages —all 
tuning and band switching is performed 
electronically. 

For information on the new 651S-1, 
write to Collins Radio Company, Cedar 
Rapids, Iowa 52406, or use check-off on 
page 94. 
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slow-scan television 
equipment 

Robot Research, Inc., has announced a 
system of slow-scan television equipment 
that enables you to transmit and receive 
live television pictures with your existing 
station equipment. The model 80 slow-
scan camera uses an efficient sampling 
technique that permits operation with 
everyday room lighting and transmits 
clear sharp pictures without involved ad-
justment. Features include digital timing 
chain, vidicon camera tube, built-in modu-
lation calibration and solid-state con-
struction. 

The model 70 slow-scan television 
monitor demodulates and displays pic-
tures transmitted by another amateur 
radio station. Simple connections be-
tween the monitor and your receiver are 
all that is required to receive an sstv pic-
ture. Included with the monitor are all of 
the switches and interconnections required 
to integrate sstv into your station. The 
monitor features balanced discriminator, 
automatic sync threshold, phase-locked 
horizontal sweep and solid-state con-
struction. 

The model 80 slow-scan camera and 
model 70 slow-scan monitor are available 
f r o m Robot Research, Inc., 1250 
Prospect Street, La Jolla, California 
92037, or use check-o ff on page 94. 

cubical-quad book 
Bill Orr's new book, "Cubical Quads," 

features a wealth of new information not 
available in the previous edition. The new 
2nd edition includes revised quad gain 
figures, analysis of the quad vs yagi, 4-
and 5-element monster quads, miniature 
quad construction and performance, im-
proved tri-gamma match for three-band 
quads, charts with dimensions for single-
and multiband quads for 6 through 80 
meters, as well as construction details for 
the delta quad, Swiss quad and birdcage 
quad. 

IT'S WHAT'S INSIDE 
THAT "COUNTS" 

Accuracy and stability has been 
placed first in the design of the TBL-1 
Marker. We feel a marker should be more 
accurate than the receiver it is going to 
calibrate — so no compromise has been 
made with quality. 

Fairchild, Motorola, JFD, Jan, Mal-
lory, IRC and Keystone components are 
used throughout. It costs more, but 
calibrate with the best. Hundreds have 
been sold to government, amateurs, 
SWL's, schools and laboratories around 
the world. 

Try one today. 

Frequency marker, less cabinet and switch 
Specifications: Glass Epoxy Board. Adjustment 
to zero beat with WWV. Uses 100 KHz crystal 
(not supplied). 3 to 4 VDC. Compact — 1.75 x 
3.75 inches. Install anywhere! 
Complete easy-to- ^ IC e n Wired and QE 

assemble kit *I0.3U Tested 

SWITCH $1.00 CRYSTAL ONLY $3.50 
with purchase of any of above 

or 

SELF-CONTAINED UNIT 
The TBL Marker is a complete unit includ-

ing the circuit board shown at left and powered 
with 3 "C" type flashlight batteries. Merely 
connect to your receiver antenna — no internal 
wiring necessary. A front panel control allows 
zero beat with WWV. 

Special introductory price *OQ OR 
Less crystal and batteries 

POSTPAID U.S.A. 
SOLD WITH MONEY BACK GUARANTEE 

THE RADIO SHOP, LAB 1 
48 ELM STREET, NEW CANAAN, CONN. 06840 

Tel. 203-966-3553 
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Many thousands of you have be-
come very famil iar with the vari-
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are famil iar with their 
excellent magazine, Radio Com-
munication. 

This is the oldest and most widely 
read British amateur radio maga-
zine. Published monthly it pro-
vides complete coverage including 
such popular features as: Techni-
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 
It includes numerous technical 
and construction articles in addi-
t ion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga-
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out-
going QSL Bureau) for $9.60 a 
year. 

b o o k d i v i s i o n 

Box 592 Amherst, New Hampshire 03031 

This new book also includes informa-
tion on feeding your quad for maximum 
swr; clear details on matching procedure; 
use of baluns; hints for sturdy, inexpen-
sive quad construction; and how to adjust 
your quad for strongest signals. Quad 
installation, adjustment, evaluation and 
maintenance is covered along with quad 
facts; angle of radiation, directivity, 
power gain and front-to-back ratio. 

"Cubical Quads" is $3.95 from 
Comtec, Book Division, Box 592, Am-
herst, New Hampshire 03031. 

heathkit frequency 
counter 

The new Heathkit IB-101 digital fre-
quency counter provides accurate count-
ing from 1 Hz to over 15 MHz with 
five-digit readout. The Hz/kHz selector 
switch and overrange indicator give eight-
digit capability. The new counter fea-
tures high input impedance, automatic 
trigger level for with range input without 
adjustment, storage circuitry for non-
blinking, no-count-up adjustment, and 
temperature compensated crystal-con-
trolled time-base oscillator. The auto-
matic decimal locator puts the decimal 
point in the right place for any measure-
ment with no need for interpolation or 
figuring. 

The IB-101 uses 26 integrated circuits, 
7 transistors, 6 diodes and one mosfet. 
The dual-gate diode-protected mosfet in 
the input circuit provides proper trigger-
ing over a wide range of input levels. It 
will operate properly with input levels 
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from less than 100 mV to greater than 
200 volts (depending on frequency). 
There is no input adjustment, and the 
instrument cannot be damaged by inputs 
within the specified range. Input im-
pedance is 1 megohm shunted by less 
than 20 pF. 

The new counter goes from kit to 
finished counter in about five hours, and 
complete adjustment can be made in a 
few minutes using only an a-m radio. No 
exotic test equipment is necessary. The 
IB-101 kit is complete with input cable. 
Priced at $199.95 from the Heath Com-
pany, Benton Harbor, Michigan 49022, or 
use check-off on page 94. 

N O W from 

wideband rf 
power amplifier 

The RF Communications has an-
nounced a new RF-806 linear amplifier 
module that features flat response within 
±1 dB from 50 kHz to 80 MHz, and 3-dB 
bandwidth of 100 MHz. Gain is 47 dB 
with class-A amplification providing 10 
watts with low harmonic and interrnodu-
lation distortion. 

Input and output are overload pro-
tected against overdrive or operation into 
a short or open circuit. Unit is all solid 
state and operates from +28 Vdc. 
Standard options include 75-ohm input 
impedance and extended frequency re-
sponse to above 100 MHz or down to 14 
kHz. Accessories include impedance-
matching transformers and power com-
biners. 

Applications include use as a sub-
assembly in test systems or amplifier 
chains to raise the power level of signal 
sources and generators without tuning or 
bandswitching. A-m, fm, pulse, ssb and 
other modulated signals can be amplified 
to 10 watts PEP with minimum distor-
tion. Price is $795. For more informa-
tion, write to RF Communications, Inc., 
1680 University Avenue, Rochester, New 
York 14610, or use Check-off on page 
94. 

ROSS AND WHITE COMPANY 
Electronics 

SOLID STATE 
TONE BURST ENCODERS 

(to the frequencies of your choice) 

MODEL TE-2 
2 tone, 
Factory preset 
only 
$29.95 
postage paid. 

MODEL TE-5 
5 channel model 
Factory preset 
only 
$39.95 
postage paid. 

GUARANTEED FOR ONE YEAR 
Use it for 10 days, if not completely 

satisfied return for a full refund. 

Easy to install, 3 wire hookup, attaching bracket 
included for car or home. 

Operates from a single factory supplied internal 
9 volt battery. 

All frequencies factory preset. Can be field 
adjusted from 1500 to 2500 cycles. Other fre-
quencies on special order. 

Nominal .4 sec. tone burst length. 

American made commercial grade components 
on glass epoxy PC board for maximum relia-
bility. 

ROSS AND WHITE CO., Electronics Dept. HR-12 
50 West Dundee Road, Wheeling, Illinois 60090 

Gentlemen: 

Send me model tone burst encoder. 

Check or money order enclosed. Please set 

frequencies for 

Send additional information. Check 

Name 

Address 

City State Zip 

Transceiver: Make Model 
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NEED CRYSTALS? 

We can supply crystals 
from 2KHz to 80 MHz in 
many types of holders. 

S P E C I A L S 

Color TV crystal (3579, 5 4 5 K H D wire leads 

100 K M i I r rqutny sl.sr.d.ird crjril.il (HC 13/UI 

1000 KH» frequency standard (HC6/UI 

Any C8 crystal, trans. or rrc. 

(except synthesiier cryitjlv) 

Any amateur band crystal in FT-243 holders 

(except 80-160 meters) 

80 meter crystals In FT-243 holders 

$1.60 4 for 55.00 

4.50 

4.50 

2.50 

1.50 4 for 55.00 

2.50 

We have In stock over six million crystals which 
Include types CR1A/AR, FT243, FT241, MC7, HC6/U, 
HC13/U, HC25/U. HC18/U, etc. Send 10 f for our 
1970 catalog with oscillator circuits, listing thousands 
ol frequencies in stock lot immediate delivery. (Add 
l O f per crystal to abow prices for shipment 1st class 
mail; 15c each for air mail.) 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
with check or money order 

to 

2400H Crystal Drive 
Fort Myers, Florida 33901 

MORE 2 METER FM 
MINI AMPLIFIERS FROM DYOOMM 

GIVE U S Y O U R FLEA P O W E R 
A N D W E ' L L G IVE Y O U H O R S E P O W E R 

N O W FOR I M M E D I A T E D E L I V E R Y . . . 
101-500D: 40W, b roadband ' , two-meter. FM 

power amplifier, auto RF antenna switching. 
Completely ready to go. Just plug in your 
existing antenna and 10 watt transceiver, add 
12-14V and QSO. Size: 3 " x 5 " x 6 " . 

Low Introductory Price: $79.95 
101-500B: 10 watts output A M or FM for 2 watts 

input. Auto relay and connectors are included. 
Size: 2 " x 2 " x 6 " . Just plug in, add 12V and 
get out. Price: $49.95 

101-500C: Have 5 watts to spare? This is iust 
the thing. AM . FM. S S B , 20-25W output. You 
add 12.6V, your own antenna switching, and 
you 're on the air. Size: 2 " x 2 " x 6 " . 

Price: Only $39.95 
101-500: For those who want to "roll their own" . 

The highly accepted 2 " x 2 " x 6 » , 12.6V, 2 5Mw 
in, 10W out. AM -FM - S SB , power amplifier. 

Price: Still only $59.95 
All D Y C O M M Power Amplifiers handle "worst 

c a s e " load mismatch, overvoltage. under-
voltage, have extremely low input/output 
VSWR, and are fully guaranteed to perform. 

Drop u s a line for the whole picture. 
"Bandwidth allows entire two-meter coverage 

with no retuning required. 
For exciting antennas see our ad page 92. 

Call or write Jim, W4MRI 

DYNAMIC COMMUNICATIONS, INC. 
(305) 844-1323 

948-A AVE. E, RIVIERA BEACH, FL 33404 

scope camera 

Integrated Controls, Inc., has an-
nounced a low cost, hand-held oscillo-
scope camera set, Scope-Mate, which fits 
virtually all oscilloscopes. Fitting either 
three, four or five-inch round or rectan-
gular scope faces, Scope-Mate can capture 
and record — either one shot or recurring 
trace — oscilloscope data. A standard 
Polaroid Colorpack II or III camera, in 
conjunction with the Scope-Mate hood, 
provides high-quality, high-contrast, 
black-and-white oscilloscope pictures in 
15 seconds. The object-to-image ratio is 
one to one. 

The Scope-Mate electronic control 
provides automatic adjustment of camera 
shutter speed, allowing you to vary photo 
contrast for perfect pictures. 

The camera set, including a Colorpack 
II camera and Scope-Mate hood sells for 
$119.50. The Scope-Mate hood is avail-
able separately for $89.50. Order from 
Integrated Controls, Inc., Post Office Box 
17296, San Diego, California 92117, or 
use check-off on page 94. 

darlington 
power transistors 

Five new series of complementary, 
power Darlington transistors — the first 
available in the industry — have been in-
troduced by Motorola. The new silicon 
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power transistors provide gain up to 2500 
(typical) and are available in current 
ratings from 4 to 16 amperes. With their 
high gain, the power Darlington tran-
sistors can be driven with integrated-
circuit milliampere output current levels. 
The new devices are supplied in 60 and 
80 V collector-emitter breakdown voltage 
ratings (a 100 V rating is available in the 
16 A series). 

The Darlingtons incorporate both 
driver and output transistors plus neces-
sary resistors in one monolithic structure. 
Thus, the usual separate driver and associ-
ated emitter-base resistors employed in a 
Darlington amplifier are eliminated. 

Darlington transistors are useful in 
relay and solenoid drivers, servo ampli-
fier, audio amplifier and power supply 
regulator circuits. Because they're avail-
able in both polarities, they can be used 
in either positive or negative ground 
systems. And, used in pairs, they are 
especially useful in complementary ap-
plications such as direct-coupled pairs in 
audio amplifiers. 

4 ampere MJ4000/MJ4010 series, 1000 
minimum gain at 1.5 amp, 60 or 80 
BVqeo. 75 watts, TO-3 package. 

5 ampere MJ900/MJ1000 series, 1000 
minimum gain at 3 amps, 60 or 80 
BVCeo» 90 watts, TO-3 package. 

5 ampere MJE1090/MJE1100 series, 750 
minimum gain at 3 or 4 amps, 60 or 80 
BVceo* 70 watts, plastic thermopad-
type package. 

10 ampere M J 2 5 0 0 / M J 3 0 0 0 series, 1 0 0 0 

minimum gain at 5 amps, 60 or 80 
BVceo , 150 watts, TO-3 package. 

16 ampere MJ4030/MJ4033 series, 1000 
minimum gain at 10 amps, 60, 80 or 100 
BVceo . 150 watts, TO-3 package. 

For more information, use check-off on 
page 94, or write to Technical Informa-
tion Center, Motorola Semiconductor 
Products, Inc., Box 20924, Phoenix, 
Arizona 85036. 

DIODES 
PIV TOP-HAT EPOXY EPOXY MOUNT 

1.5 AMP 1.5 AMP 3 AMP 6 AMP 
50 .04 .06 .12 .15 
100 .06 .08 .16 .20 
200 .08 .10 .20 .25 
400 .12 .14 .28 .50 
600 .14 .16 .32 .58 
BOO .20 .40 .65 
1000 .24 .48 .75 

CAPACITORS 
ALL NEW FULL AXIAL LEADS 

1000 MFD @ 12 V 3 for $1.00 ppd 
5 MFD @ 15 V S for $1.00 ppd 
30 MFD @ 15 V 5 for $1.00 ppd 
100 MFD @ 15 V 5 for $1.00 ppd 
1000 MFD @ 50 V 2 for $1.00 ppd 
3 MFD @ 6 V 5 for $1.00 ppd 
10 MFD @ 6 V 5 for $1.00 ppd 
1 MFD @ 25 V 5 for $1.00 ppd 
" - - - - - - J j r -80 MFD @ 2.5 V 5 for $1.00 ppd 
1500 MFD @ 25 V 2 for $1.00 ppd 
500 MFD @ 25 V 3 for $1.00 ppd 

6 Foot Gray Line Cord. UL Approved. Very 
nice. 40^ ea ppd. 

Panelmount Fuseholder for standard 3AG 
fuses. Complete with all hardware. New. 

3 for $1.00 ppd. 

Factory fresh TRW Dipped Mylar Capacitors. 
New with full leads. .022 @ 50 V, .047 @ 
50 V, .1 @ 50 V. Your choice - may be mixed. 

20 for $1.00 

88 Mhy Toroids-CT-unpotted 5 for $1.50 ppd. 

Tl 1N914 Diodes 16 for $1.00 ppd. 
IN4007 Diodes __ .28 ppd. 
Unmarked Germanium diodes, similar to 1N34. 

25 for $1.00; 100 for $3.00 
400 MW Zeners J.3 V, 3.6 V, 3.9 V, 4.3 V 

4 for $1.00 ppd. 
Mallory Computer grade Capacitors. Your 
choice. 1250 MFD @ 180 V, 1500 MFD @ 80 V 
_ _ _ $1.00 ea; 10 for $7.50 ppd. 
2N3055 Transistor $1.50 ea or 3 for $4.00 ppd. 

SEND STAMP FOR BARGAIN LIST " 
Pa. Residents add 6 % State sales tax 

ALL ITEMS PPD. USA 

M. WEINSCHENKER K3DPJ 
BOX 353 . IRWIN, Pa. 15642 
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a second 
a 

look risk 
As I mentioned in this column several 
months ago, microminiaturization is 
forcing inductors out of electronic cir-
cuitry. The sad fact of the matter is that 
it is virtually impossible to compress the 
inductor. Current inductance designs are 
much too large to fit into the rest of the 
circuit, and if the inductor is shrunk too 
much, performance rapidly deteriorates. 
Several ingenius substitutes have turned 
up to replace this bulky component: 
surface-wave devices (discussed in the 
September, 1970 issue of ham radio), 
active filters, integrated-circuit phase-
locked loops, capacitor-loaded gyrators 
and etched-circuit inductors. 

etched inductors 
Although the etched-circuit inductor is 

still much too large for many applica-
tions, it results in considerable space 
saving, and unlike some of the other 
inductor substitutes, etched inductors can 
be easily built in the amateur workshop. 
One excellent application of etched in-
ductors is discussed by W5KHT in his 
article on 6- and 2-meter bandpass filters 
and preamplifiers in this issue. Since 
writing the article. Bob has come up with 
a similar design for 220 MHz, as well as a 
completely etched-circuit two-meter con-
verter that includes printed-circuit induc-
tors. If there is sufficient reader interest 
in the etched-inductor two-meter con-
verter, we will publish full details in an 
early issue. 

Although printed-circuit spiral-shaped 
inductors are not new, they have seen 
limited use, even in commercial and 
military equipment. However, now that 
the ice has been broken, I suspect we will 
be seeing more and more of these in-
ductors in amateur-built equipment. 

The inductance of an etched inductor 
depends upon surface area of the spiral, 

conductor width, length of the spiral and 
number of turns. Since it's a rather 
complex calculation, the best bet is cut 
and try. One of the best materials for 
experimenting with etched inductors is 
the adhesive-backed copper-foil strip 
available from Cir-Kit. This material can 
be easily arranged into the square spiral, 
increasing the number of turns to increase 
inductance. Once you have arrived at the 
proper number of turns for your applica-
tion, you may translate the design to a 
printed-circuit board if you want. 

other techniques 

The gyrator is a directional phase 
changer in which phase changes in oppo-
site directions differ by 180 degrees. 
When loaded with a capacitor it has all 
the electrical characteristics of an induc-
tor. Present integrated-circuit gyrators 
simulate inductance over the frequency 
range from dc to 20 kHz with stable Qs 
up to 1800. However, experimental de-
signs at Bell Labs have provided adequate 
temperature stability and Q up to 100 
MHz. 

More work needs to be done before 
practical high-frequency gyrators are a 
reality, but research has been slowed by 
the high success of active filters that use 
low-cost ic operational amplifiers. In-
tegrated-circuit phase-locked loops are 
also being used for miniature resonant 
circuits, as are surface-wave devices and 
micro-crystal filters. At this point in time 
it is difficult to guess which technique 
will provide the tuned circuits for the 
miniature communications equipment of 
the future, but lab work in the next 
decade probably toll the end of the 
inductor as we know it today. 

Jim Fisk, W1DTY 
editor 
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Although etched-circuit inductances have 
been around for over 40 years, very little 
has appeared in amateur radio publica-
tions. In 1929, Charles Ryder, an Austral-
ian, was granted a patent1 that covered 
the earliest known application of an 
inductance, "applied by printing, gold 
blocking, painting, metal spraying or elec-
tro-deposition to the surface of a di-
electric base." 

In a sense, the Ryder invention was 
the forerunner of all modern-day 
printed-circuit devices, but more parti-
cularly, the thin-film etched inductances 
used in microwave integrated circuits. As 
a mass-production technique, etched in-
ductances are about the neatest thing to 
come down the electronics pike since the 
transistor. 

In the August, 1970 issue of ham 
radio I described an interdigital pre-
amplifier 2 that married a grounded-gate 
fet preamplifier to a pair of comb-line 
filters. The resulting system produced a 
narrow-passband preamplifier that re-
duced overload and cross-modulation 
problems in high performance low-noise 
vhf converters. 

After putting together a number of 
these units, it became apparent that 
although the completed devices were elec-
trically adequate, any mass production 
for commercial use was unlikely because 
too much hand labor was required in 
their construction and alignment. The 
search was on for a mass-production 
technique that would provide the same 
performance as the costly hand-built 
strip-line unit. The etched-circuit Inter-
digital Series Bandpass Filters and Inter-
digital Preamplifiers described in this 
article are a result of that search. 
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bandpass filter circuit 
The circuit shown in fig. 1 was devel-

oped to satisfy the requirement for a 
bandpass filter which could be placed 
ahead of one or more grounded-gate fet 

amplifiers. This circuit* is a variation of 
the three-element T-section bandpass 
filter. The circuit was developed specifi-
cally for the etched-circuit inductance 
system, and interestingly enough, it al-

CXi 

fig. 1. Circuit diagram 
of the interdigital series 
bandpass filter. Com-
ponent values for 50 
and 144 M H z are given 
in tables 1 and 2. 

INPUT CI C4 C3 06 OUTPUT 

H( t T )H 

>-1.4 L6 

table 1. Parts list for the 5 0 - M H z interdigital 
bandpass filters. 

table 2. Parts list for the 144 -MH2 interdigital 
bandpass filters. 

C I , C3 , C4, C S 6.0 pF, 5 % disc or tubular 
ceramic capacitors 

C2, C 5 4-40 pF midget trimmers (Elmenco-
Arco type 422 ) 

C I , C3, C4, C6 2.2 pF , 5 % disc or tubular 
ceramic capacitors 

C2, C5 4-40 pF midget tr immers (Elmenco-
Arco type 422) 

L I , L 3 , L 4 , L 6 etched inductances o n printed-
circuit board (fig. 3) 

L I , L3 , L4 , L 6 etched inductances on printed-
circuit board (fig. 4) 

L2, L 5 15 turns no. 16 solid copper, close-
wound on 1/4-inch form, with last two 
turns (ground side) separated f rom bal-
ance of coil by one turn width 

C X 2VZ Inches RG-58/U coaxial cable, with 
braid twisted into pigtails so that total 
length of inner dielectric is 1-3/4 inches; 
pigtails are 1/2-inch long 

L 2 , L 5 5 turns no. 16 solid copper, close-
wound on 1/4-inch form with 0.2 inch 
standoff pigtails 

C X 2-1/2 inches RG-58/U coaxial cable, with 
braid twisted into pigtails so that total 
length of inner dielectric is 1-3/4 inches 
long; pigtails are 1/2-inch long. 

5 0 - M H z etched-inductance band-
pass filter. 

most is impossible to make it work 
without etched inductors. 

In the circuit shown in fig. 1. two 
mirror-image three-section capacitively-
tuned T-section filters are cascaded 
through a short length of coaxial cable. 
By careful selection of L3, L6, C1, C3, 
C4 and C6, the bandpass window can be 

"The information presented here covers rela-
tively narrow bandpass devices suitable for 
amateur applications. Etched-inductance inter-
digital bandpass filters and etched-inductance 
interdigital preamplifiers are the subject of 
patent applications filed by the author. 
Amateur construction of the units shown here 
for personal use will not violate the validity 
claims of the pending patents, editor. 
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varied from as narrow as 250 kHz at 50 
MHz to as wide as 10 MHz at 200 MHz 
{or as narrow as 1.0 MHz at 200 MHz to 
as wide as 10 MHz at 50 MHz). Insertion 

been selected, total alignment time with a 
sweep generator is about 5 minutes. If 
you don't have a sweep generator and 
marker oscillator, the unit can be aligned 

Q 

fig. 2. Bandpass characteristics of the 144-MHz 
adjusted for steep skirts on one side ( A ) or both sii 

o 
etched-inductance bandpass filter. Filter may be 
ies (B). 

losses are as low as 0.75 dB at either 
frequency. 

In addition, the filter can be tuned so 
that is has very steep skirts on just one 
side (fig. 2A), or steep skirts on both 
sides (fig. 2B). Once the components have 

table 3. Component values for narrow-band 
versions of the bandpass filters. 

50 M H z 
C I , C3, C4, C6 4.5 p F , 5% disc or tubular 

ceramic capacitors 

L 2 , L 5 16 turns no. 16 solid copper, close-
wound on 1/4-inch form, separating two 
turns from balance of coil by one turn 
width 

144 MHz 
C1, C3, C4 , C6 1.8 p F , 5% disc or tubular 

ceramic capacitors 

L 2 , L 5 6 turns no. 16 solid copper, close-
wound on 1/4-inch form with 0.2-inch 
standoff pigtails 

with nothing more exotic than a signal 
source and a receiver S-meter — in just 
about the same amount of time. 

Etched-inductance interdigital band-
pass filters for 50 and 144 MHz are 
shown in the photographs. A half-size 
layout of the 50-MHz board is shown in 
fig. 3; a half-size layout of the 144-MHz 
board is shown in fig. 4. Parts lists for the 
two boards are given in tables 1 and 2, 
respectively, for the 50- and 144-MHz 
filters. Commercially-made printed-circuit 
boards and complete parts kits are avail-
able.* 

The 50-MHz filter has a 3-dB band-
width of 1.0 MHz, centered on 50.250 
MHz. The insertion loss between 49.8 and 
50.7 MHz is 1.0 dB or less; filter rejection 
at 55.25 MHz (channel 2 video carrier) is 
as high as 40 dB. This should provide 
adequate front-end protection under the 
most taxing cases of channel-2 inter-
ference. If not, two filters may be cas-
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caded together for up to 60-dB suppression 
of the 55.25-MHz signal. Insertion loss 
with two cascaded filters is approximately 
2 d B . 

MHz away from the center frequency will 
be on the order of 30 to 40 dB. A list of 
parts for the narrow-passband models of 
these filters is given in table 3. 

fig. 3. Half-size layout of the 50-MHz bandpass filter board. 

The 144-MHz filter has a 3-dB band-
width of 3.0 MHz, centered on 145 MHz. 
Insertion loss between 144.0 and 146.0 
MHz is on the order of 1.0 to 1.5 dB, 
depending somewhat on the quality of 
the parts used in the filter. The bandpass 
skirts are very sharp, dropping down 3 dB 
at 143.5 and 146.5 MHz, and down 30 to 
35 dB at 140 and 150 MHz. 

In either of the filters the width of the 
passband may be designed to cover a 
much narrower range: 250 kHz at either 
50 or 144 MHz. In this case, rejection 3 

fig. 4. Half-size layout of the 
144-MHz bandpass filter board. 

parts selection 

Capacitors C1, C3, C4 and C6 deter-
mine the width of the passband as 
well as playing a part in establishing 
the operating frequency of the filter. 
Ceramic discs are adequate for these 
capacitors, provided leads are short, with 
direct point-to-point wiring. The capaci-
tance values are very important. If a 2.7 
pF ceramic disc is specified, only 2.7 pF 
will work - 2.5 or 3.0 pF will not. Five 
percent capac i tors r e c o m m e n d e d . 

Inductors L1 and L3 are the fixed 
etched inductances. L2 is an airwound 
inductance used for fine adjustments. As 
L2 is varied from maximum to minimum 
inductance, the operating frequency 
moves upward from 120 to 165 MHz. 

"Complete boards, as well as complete parts 
kits with boards, are available from C A D C O , 
Suite 107, 4444 Classen Boulevard, Oklahoma 
City, Oklahoma 73118. 50-MHz bandpass-filter 
board, $6.00; 50-MHz bandpass-filter kit, 
BPF-50, $11.00; 50-MHz preamp board, $8.00; 
50-MHz preamplifier kit, IPA-50, $19.50. 
1 4 4 - M H z bandpass- f i l ter board, $6.00; 
144-MHz bandpass-filter kit, BPF-144, $11.00; 
144-MHz preamplifier board, $8.00; 144-MHz 
preamplifier kit, IPA-144, $19.50. All prices are 
postpaid in the U. S. A. If you order a complete 
kit and want the narrow-bandwidth version, 
simply specify "narrow band;" no price change. 
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Correct values of C1, C3, C4 and C6 vary 
from approximately 2.9 pF at 120 MHz 
to 2.4 pF at 165 MHz. If the values of 
C 1 , C 3 , C 4 and C 6 are too large, the 
width of the bandpass window will be too 
great for amateur applications; if the 
capacitance values are too small, the 
passband will be too narrow, and the 
insertion loss will be unnecessarily high. 

Variable capacitors C2 and C5 are 
Arco-Elmenco trimmers; the printed-

detector that demodulates the signal for 
the oscilloscope display. 

Put the marker on the desired center 
frequency and tune C2 and C5 for maxi-
mum signal at the center of the passband. 
Now move the marker to the predicted 
3-dB down point on the low side of the 
passband, and adjust C2 for maximum 
rejection. Your center frequency point 
should not move up or down in fre-
quency as you do this. 

fig. 5. Test setup for aligning the etched-inductance bandpass filters. 

circuit board has been designed with their 
physical dimensions in mind. 

The coaxial loop between C3 and C4 is 
a short length of RG-58/U coaxial cable. 
Do not try to replace this loop with 
another type of coaxial cable, or with a 
low-value coupling capacitor.* 

tuning the bandpass filter 
The etched-circuit bandpass filter may 

be aligned with a sweep generator and 
marker oscillator, or with a simple signal 
source (signal or marker generator). 

Sweep generator/markers. Connect a 
broadband sweep generator to the input 
of the filter through a mixer device as 
shown in fig. 5. The mixer combines the 
sweep and marker signals into one com-
posite signal that drives the filter (the 
mixer is not required for sweep genera-
tors which use an internal marker oscilla-
tor). The output of the filter is fed to a 

*For 75-ohm systems the RG-58/U coaxial 
cable may be replaced with a section of 
RG-59/U. No other circuit changes are neces-
sary. 

Finally, move the marker to the pre-
dicted 3-dB down point on the high side 
of the passband, and adjust C5 for maxi-
mum rejection. Again, the center of the 
passband should remain centered on the 
display. 

Disconnect the sweep generator; with 
the marker at the center frequency of the 
filter, feed the marker signal directly into 
the filter. Connect the output of the filter 
to your receiver and read the level of the 
marker signal on the S-meter. (It is 
advisable to attenuate the marker output 
so the S-meter indication is in the range 
of S5 to S7, normally the receiver's most 
linear region.) Now connect the marker 
oscillator to the receiver and read the 
S-meter. The difference between the two 
S-meter readings is the insertion loss of 
the filter. If everything is adjusted prop-
erly, the 1.0- to 1.0-dB insertion loss 
won't even be noticed on the S-meter. 
Marker or signal generator. The alignment 
process with a marker or signal generator 
is essentially the same as that with a 
sweep generator. First, tune the filter for 
maximum signal at the center passband 
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frequency. Check filter and no-filter 
S-meter readings as you progress to see 
when you get down to the level of 1- to 2-
dB insertion loss. Move the signal genera-
tor to the lower 3-dB down frequency 
and adjust C2 for maximum rejection {go 
back to the center frequency to make 
sure it hasn't moved too). Now move the 
generator up to the upper 3-dB down 
frequency, adjusting C5 for maximum 
rejection. Finally, check insertion loss to 
make sure it is still less than 2.0 dB. 

This bandpass filter arrangement uses 
fewer components, no shielded compo-
nent sub-sections, and tunes up much 
easier than any other design that I am 
aware of. If it appears that you are having 
trouble holding the center passband fre-
quency in place as you vary C2 and C5, 
try spreading a few turns of L5, and 
returning to the center frequency. 
(Spread the center of L5 apart about one 
extra turn width to start.) The change in 
L5 will compensate for slight unbalances 
between the twin sections of L1-L3 and 
L4-L6 that may exist because of differ-
ences between the fixed ceramic capaci-
tors. 

two-meter etched-inductance preamp 
The two-meter etched-inductance pre-

amplifier shown in the photograph con-
sists of an etched-inductance bandpass 
filter and a single-stage grounded-gate fet 
amplifier. The circuit is shown in fig. 6. 
At 144 MHz the gain of this device is 10 
to 12 dB, and the noise figure is 1.4 to 
1.6 dB. A similar unit for 50 MHz will 
produce 10 to 12 dB gain with a noise 
figure of 1.0 dB of less.* Half-size cir-
cuit-board layouts for 50 and 144 MHz 
are shown in figs. 7 and 8 respectively. 

A Siliconix 2N5397 fet was used in 
the original interdigital preamplifier de-
scribed in the August issue.2 Since that 
time Siliconix has introduced a low-cost 
plastic version of this device, the E-300. 
The price of the new E-300 is $2.00 in 
small quantities, as opposed to $5.50 for 
the 2N5397. 

In the photograph you can see that the 
input inductance to the fet (L7 in fig. 5) 
is isolated from the output inductance 

(L8 in fig. 5) by a piece of double-sided 
copper-clad printed-circuit board. In addi-
tion to serving as a shield, this section of 
board is a mounting plate for the E-300 
fet. The shield is soldered to the 1/8-inch 
strip of copper between L7 and L8; the 
E-300 gate lead is soldered to the L8 side 
of the shield with the transistor mounted 
inside a 3/8-inch mounting hole {see fig. 
9). 

nn J 

144-MHz interdigital preamplifier. 
T h e filter section is to the left side of 
the board, the fet preamplifier to the 
right. 

Capacitor C6 feeds the input of the 
preamplifier. On both versions, C6 is 
tapped onto L7 at the point indicated by 
the dot in fig. 7 and 8. C6 should be 
routed from the output end of L6 to the 
input of L7 under the printed-circuit 
board. This is the only part mounted 
under the board. 

Capacitors C7 and C8 are Arco-
Elmenco trimmers, and resonate with 
inductances L7 and L8. L7 and L8 are 

"Since noise is wideband, a broad rf amplifier 
reacts to noise not only within the desired 
range of frequencies, but to noise outside that 
range as well. The steep skirted bandpass filter 
contributes measureably to an overall noise 
reduction in the communications system be-
cause the noise seen by the receiver is limited to 
that noise within the passband of the filter. As 
a consequence, the mixer is hit only with 
in-band noise, and while difficult to measure 
accurately, the receiver seems less prone to 
noise blocking. 
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bypassed to ground with B H - 1 4 0 stud-
type capacitors mounted at the outside 
end of the etched inductances. T h e 
B H - 1 4 0 capacitors are m o u n t e d upside 
down , wi th the solder tab soldered to the 
end of the shield. Ceramic button bypass 
capacitors cou ld also be used for this 
purpose. 

Resistor R1 is chosen for correct fet 
operating current . Th i s 1/4-watt resistor 

is mounted wi th very short leads f rom the 
outside end of L 7 to ground, and placed 
against the shield at the C 9 soldering 
point. T h e proper value for R1 is deter-
mined by placing a mi l l iammeter in series 
w i th the dc supply (9 to 12 volts) and 
adjusting the resistance for 5 - m A drain 
current ; this is the proper current drain 
for both m i n i m u m noise figure a n d maxi-
m u m gain. T h e correct value usual ly falls 

fig. 6. Etched-inductance interdigital preamplifier for 50 or 144 MHz. 

C2 

INTERDIGITAL SERIES 
BANDPASS 

FILTER SECTION 

( O i M )\- H H r ^ f c -

C6 

AMPLIFIER SECTION 

"/b 

CT 

• L7 

m 

i E300 

m 

LB i 
m 

OUTPUT 

RFC I 

9 70 It VOC 

50-MHz bandpass preamplifier 

C I , C3 , C4 , C6 S.O pF , 5% disc or tubular 
ceramic capacitor 

C2, C5 , C7 , C8 4 — 40 p F midget tr immer 
(Elmertco-Arco type 422) 

C9 , C I O 500-pF stud-type uhf bypass capaci-
tors (Sprague type BH-140) 

C11 500-pF disc ceramic capacitor 

L I , L 3 , L 4 , L 6 , L 7 , LS etched inductances on 
printed-clrcuit board (fig- 8) 

L 2 , L 5 I S turns no. I f i solid copper, close-
wound on 1/4-inch form, wi th last two 
turns (ground end) separated from bal-
ance of coil by one turn width 

144-MHz bandpass preamplifier 

C I , C3 , C4 , C6 2.2 pF , 5% disc or tubular 
ceramic capacitors 

C2, C5 , C7 , C8 4-40 p F midget trimmers 
(Elmenco-Arco type 422) 

C9, C I O 500-pF stud-type uhf bypass capaci-
tors (Sprague type BH-140) 

C11 500-pF disc ceramic capacitor 

L 1 , L 3 , L 4 , L 6 , L 7 , L 8 etched inductances on 
printed-circuit board (fig. 9) 

L 2 , LS 5 turns no. 16 solid copper, close-
wound on 1/4-inch form wi th 0.2 inch 
standoff pigtails 

R1 91 to 560 ohms, 1/4-watt (see text ) 

RFC1 Ohmite Z-50 rf choke (7 .0 JUH) or 
equivalent 

C X 2-1/2 inches RG-58/U coaxial cable, with 
braid twisted into pigtails so that total 
length of inner dielectric is 1-3/4 inches; 
pigtails are 1/2-inch long 

R1 91 to 560 ohms, 1/4-watt (see text ) 

R F C 1 Ohmite Z-144 rf choke (1.8 fXH) or 
equivalent 

C X 2-1/2 inches RG-58/U coaxial cable, with 
braid twisted into pigtails so that total 
length of inner dielectric is 1-3/4 inches; 
pigtails are 1/2-inch long 
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between 100 and 560 ohms, with 200 to 
400 ohms being common, 

RFC1 is an Ohmite 2-144 or Z-50; 
although their current-carrying capacity 
isn't required for this application. Any 
good quality wirewound rf choke with 
the same inductance value as the Z-50 
(7.0 iiH) or Z-144 (1.8/uH) will do. Since 
L8 is bypassed to ground with the 500-pF 
BH-140 there's not much chance of an rf 

preamplifier tuneup 
When aligning the preamplifier, the 

bandpass filter section must be aligned 
first. To accomplish this, the transistor 
stage must be temporarily eliminated 
from the circuit. An extra coax connector 
mounting hole (see figs. 7 and 8) is 
provided for this purpose. Install a coax-
ial fitting as indicated, route C6 to the 
fitting and align the filter as previously 

fig. 7. Half-size layout for the 144-MHz bandpass-filter preamplifier board. 

problem anyway, but it's good practice to 
include the rf choke in the circuit. 

The output coupling capacitor is a 
500-pF disc ceramic. This capacitor is 
tapped onto L8 fairly close to the point 
where C10 is attached to the outer end of 
the inductance. A small dot on figs. 7 and 
8 indicates the approximate tap point for 
maximum preamplifier gain. 

S0 -MHz interdigltal preamplifier. The 
filter section is to the right; fet 
preamplifier to the left. Capacitor C6 
is mounted under the board. 

described. When the bandpass filter is 
properly aligned, transfer C6 from the 
extra coaxial fitting to L7 and remove 
the fitting from the board. 

Apply voltage (9 to 12 Vdc) to the 
preamplifier and select R1 for 5-mA drain 
current. Apply an input signal — at the 
center frequency of the bandpass fil-
ter—and tune C8 for maximum indi-
cated level on the receiver S-meter. Keep 
signal level down so the meter reads in 
the range from S5 to S7. With C8 peaked 
for maximum signal, tune C7 for maxi-
mum. C7 will tune somewhat more 
broadly than C8. Check the setting of C8 
again, keeping the output of the rf signal 
source at a relatively low level. 

Disconnect the filter-preamplifier and 
measure the output of the signal genera-
tor with your S-meter. (It is assumed that 
you have a 50-ohm-output signal source, 
or can rig one with your antenna system 
and a grid-dip oscillator across the yard.) 
Put the filter-preamplifier back in the 
system and measure the output level with 
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your S-meter. There should be 10 to 15 
dB additional signal level with the pre-
amplifier; noise level, wi th the antenna 
disconnected, should be noticeably less 
than your present converter. 

The total gain of the preamplifier is 
the gain of the E-300 grounded-gate 
stage, less bandpass-filter losses. There-
fore, although the E-300 is capable of 15 
dB or more gain at 50 or 144 MHz, fi l ter 

summary 
The subject of etched inductances for 

vhf receiver systems has been barely 
scratched in this article, as I am painfully 
aware. Addit ional prototype work has 
been done in other areas including an 
etched-inductance converter (with band-
pass f i l ter), etched-inductance transmit-
ting mixers, etched-inductance hybrid 
couplers, and etched-inductance stop-

fig. 8. Half-size layout for the 50-MHz bandpass-filter preamplifier board. 

losses of 1 to 2 dB reduce total package 
gain to 10 to 12 dB. 

The grounded-gate preamplifier is un-
conditionally stable. The isolation be-
tween wells (term applied to the etched 
inductances on the printed-circuit board) 
has been measured as high as 70 dB with 
as l i t t le as 1/8 inch copper between wells. 
In commercial CATV preamplifiers, for 
example, I have run four cascaded fet 
stages wi th filters on a single board with 
no instability; with four stages voltage 
gain is on the order of 40 dB. 

fig. 9. Layout for the E-300 
mounting shields. Cut out from 
double-sided G10 printed-circuit 
board. 

, , 3 / » ' HOLE , 3/$'HOLE 

i 0 2 © 
t 

L - . - J 
r~ 

k f J 
L — — J - I — J 

SO MHZ 144 MHZ 

band filters (with preamplifier) to replace 
repeater cavities. 

Etched-inductance circuits are relative-
ly simple projects for the serious experi-
menter. Simply use 1/8-or 1/16-inch 
tape* to form the inductances, with 1/16 
inch between inductances. Etched induc-
tances are measured by the square well 
area, and a 1.25-square-inch well wi th 
1/16-inch inductors and 1/16-inch spac-
ing between inductors hits 144 MHz. The 
etched inductances can be easily tapped, 
and you can re-tap many times if you use 
a 25- or 35-watt iron and don't use 
sustained heat on the etched strips. 

references 
1 . C h a r l e s Ryder, U.S. Patent number 
1,837,678, "Inductance Coil — Particularly 
Adapted for use with Radio Tuning Devices," 
December 22, 1929. 
2. Robert Cooper, Jr., W5KHT, "Interdigital 
Preamplifier and Comb-line Bandpass Filter for 
VHF and UHF," ham radio, August, 1970, page 
6-

ham radio 
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two-kilowatt 
linear amplifier 

for six meters 

This high performance 

six-meter linear 

features the new 

Eimac 8877 

and provides 
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The serious six-meter operator needs a 
high power amplifier that will function 
reliably over extended periods of time 
and have minimum harmonic radiation. 
Such amplifiers seem to be commonplace 
for the "dc bands" but are rather rare for 
50 MHz and above. Many six-meter am-
plifier designs are cranky, hard to neutral-
ize or otherwise unstable or tricky to 
adjust. 

The amplifier described in this article 
has none of these undesirable attributes. 
It will run key-down on a 24-hour basis, 
if need be, and is stable and easy to 
adjust. I have used it over a period of 
months and it has proven to be a valuable 

The new high-mu 8 8 7 7 / 3 C X 1 5 0 0 A 7 triode 
recently announced by E I M A C . 
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adjunct to the spread of six-meter equip-
ment in my station. 

This amplifier uses a grounded-grid 
circuit with a new high-mu triode just 
a n n o u n c e d b y E i m a c : t h e 

plate current of 750 milliamperes, power 
output will be about 1200 watts. This 
represents an amplifier efficiency of 61% 
and a power gain of 14.8 dB. 

A schematic of the amplifier is shown 

T o p view of the plate circuit of the linear amplifier showing the shorted-turn tuning scheme. T h e 
shorted-tum is hard-soldered to shaft coupler to allow front panel tuning. T h e "anti-inductance" 
strap can be seen connecting the top of the plate choke to the plate blocking capacitor. Note that 
the position of the plate blocking capacitor can be changed by loosening one screw and rotating the 
capacitor around the screw. 

8877/3CX1500A7. This ceramic/metal 
triode is intended for linear service in the 
high-frequency and vhf range. The ampli-
fier is intended for the maximum legal 
power input, 1000 watts dc, and can 
develop up to 2000 watts peak envelope 
power input during ssb operation. The 
amplifier requires a driver that can supply 
approximately 40 watts PEP at 50 MHz. 
Using a plate potential of 2600 volts and 

in fig. 1. The control grid is operated at 
dc ground with a minimum of inductance 
between the tube and the chassis. The 
plate and grid currents are measured in 
the cathode return lead. A 12-voIt 50-
watt zener diode is placed in series with 
the cathode return lead to set the desired 
idling plate current. No special neutraliza-
tion scheme is needed to attain com-
pletely stable operation. 
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The plate circuit is a standard pi-net-
work with tube output capacitance plus 
stray capacitance to the cabinet forming 
the input capacitance of the network (30 
pF). The output loading capacitor is an 
air variable shunted by two fixed ceramic 

power. The input impedance of the tube 
is 54 ohms resistance in parallel with 26 pF 
capacitance. The match holds over the 
1-MHz tuning range of the amplifier. 

A 10,000-ohm 25-watt resistor in the 
cathode lead of the 8877/3CX1500A7 is 

O-l* O-toOm* 

L I 6 turns no. 18 on a CTC 1538-4-3 form; 
coil length 7 / 8 " 

l_2 6 turns no. 18, Vz" diameter, 5 / 8 " long, 
self-supporting 

L3 BifMar wound choke, Vz" diameter core, 3" 
long, each coll 12 turns no. 10 Formvar; 

core is Indiana General CF-503 

L4 54 turns no. 20 enameled on 1 /2" diameter 
Teflon rod; winding length 1 -13 /16" 

LS 3 turns 3 / 8 " diameter copper tubing; inside 
diameter 1-7 /8"; coll length 2 -3 /8" ; shorted 
turn Z - W diameter 3 /8" copper tubing V*" 
from main coil 

FT Erie 327 1000-pF feedthrough capacitors 

capacitors. Amplifier tuning is accom-
plished by varying the inductance of the 
coil by adjusting the coupling between 
the coil and a shorted turn. 

The cathode input circuit consists of a 
simple T-network. The network was cal-
culated so that a 50-ohm cable from the 
driver would be matched to the input 
impedance of the 3CX1500A7 at full 

used to reduce standby current through 
the tube to a low value. When the exciter 
is turned on, a set of contacts on the vox 
relay (or other control relay) shorts out 
the 10,000-ohm resistor, causing the tube 
to operate at its normal idling plate 
current. The 200-ohm 10-watt resistor 
from the negative terminal of the plate 
supply to ground makes certain the nega-
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tive terminal does not soar to the value of 
the plate voltage if the positive side of the 
power supply is accidentally shorted to 
ground. 

The two 1N2071 diodes across the 
200-ohm resistor limit any transient 
surges under the shorted condition which 
might cause insulation breakdown. Also, 
these diodes afford some transient pro-
tection of the two meters by providing a 
path around the meters. Additional pro-
tection could be obtained by putting two 
back-to-front parallel connected diodes 
across each meter. The 200-ohm resistor 
around the zener provides a load for the 
zener and prevents the cathode voltage 
from becoming quite high if the zener 
should burn open. 

the plate circuit 
Top views of the amplifier chassis are 

shown in the photographs. The closed 
ring near the front panel is the shorted 

Another view of the plate circuit. The air 
variable across the top edge of the chassis is the 
adjustable part of the loading capacitor. Two 
ceramic barrel capacitors are mounted in 
parallel with the air capacitor and can be seen 
at the end of the variable capacitor near the 
filament transformer shield. 

turn used for tuning; it is made of 
3/8-inch diameter tubing, hard soldered 
to a brass shaft coupler with copper-silver 
solder. Soft solder would not be advisable 
in this application because of the high 
circulating current in the shorted turn. 
The "anti-inductance" strap is used to set 
the tank circuit to the desired tuning 
range. This strap runs from the top of the 
plate rf choke to the plate blocking 
capacitor. The position of the blocking 
capacitor can be moved to allow the strap 
to be flexed and set to the proper 
position. Note that the current through 
the strap is going in the opposite direc-
tion from the current in the coil at any 
instant and therefore causes field cancel-
lation. 

To set the amplifier to the low-fre-
quency end of the band, the shorted turn 
is completely decoupled and the position 
of the blocking capacitor and the anode 
strap adjusted to resonate the plate cir-
cuit to 50 MHz. As the shorted turn is 
coupled tighter, the total inductance in 
the plate tank circuit will be reduced, 
causing the resonant frequency to in-
crease. When the shorted turn is fully 
coupled, the resonant frequency of the 
plate tank circuit will be about 51 MHz. 

Amplifier loading is accomplished in 
the same manner as in a typical pi-net-
work amplifier. The loading capacitor is 
the air variable along the top right edge of 
the chassis. The two ceramic fixed capaci-
tors are at the left end of the air capacitor 
and at the end of the coaxial cable 
coming from the type-N coaxial recep-
tacle mounted on the back panel. 

The plate choke is made of 54 turns of 
no. 20 enameled wire closewound on a 
one-half inch diameter Teflon rod. The 
winding length of the coil is 1-13/16 
inches. The choke is mounted on top of 
the ceramic capacitor which is used to 
by-pass the B-plus end of the choke. 

Visible on the back of the front panel 
are the Jackson ball-drive assemblies. 
These handy devices provide a very 
smooth and slow "feel" to the tuning. 
The 5.0-volt 12-ampere filament trans-
former is visible inside its aluminum 
shield at the top left end of the chassis. 
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the input circuit 
The input matching network is a 

standard T-design consisting of two series 
coils and one shunt capacitor. One coil 
and the shunt capacitor are variable. With 
these two adjustments it is possible to 

View of the underside of the chassis showing 
the input circuit and the location of the zener 
diode and resistors. The T matching network Is 
in the upper right hand side of the chassis. The 
heater-cathode choke is mounted between the 
socket and the ceramic stand-offs at the left 
side of the picture. Note that the socket is 
mounted below the chassis to allow passage of 
the cooling air. The straps grounding the grid to 
the chassis can also be seen under the threaded 
brass spacers used to sub-mount the socket. 

cover a wide range of impedance trans-
formations. The controls for the variable 
elements are brought out the left rear side 
of the chassis. Once the adjustments have 
been made, no tuning is required over the 
first megahertz of the band. 

The input matching network can be 
seen in the top right corner of the under 
chassis photograph. The cathode-heater rf 
choke is near the tube socket. The choke 
is bifilar wound with twelve turns on each 

"Available from Newark Electronics Cor-
poration, 500 North Pulaski Road, Chicago, 
Illinois 60624. Order catalog number 59F1521, 
$2.50 plus shipping. 

coil using no. 10 Formvar insulated wire. 
The core material is Indiana General 
CF-503, one-half inch in diameter.* The 
core permeability is a little high for this 
application, but the material was available 
and has not given any trouble. The 
Johnson 122-247-202 socket is mounted 
one-half inch below the chassis using 
threaded brass spacers. Four pieces of 
brass shim stock, or beryllium copper, are 
formed into an " L " shape to mount 
between the brass spacers and the chassis 
and make contact to the control grid ring. 

the tube 
The 8877/3CX1500A7 is a new cera-

mic triode having good division between 
the plate current and the grid current. It 
has E IA base no. E7-2 which can be used 
with the standard septar sockets. The 
tube has a plate dissipation rating of 1500 
watts, and has a mu of approximately 
200. The cathode is indirectly heated, and 
the filament requirements are 5.0 volts at 
10 amperes. 

performance data 
Many different operating conditions 

were tried with this amplifier. The condi-
tions most suitable for amateur ssb opera-
tion at 2000 watts PEP input are: 

Plate voltage 2600 Vdc 
Plate current (single-tone) 750 mA 
Plate current (idling) 40 mA 
Grid voltages -12 Vdc 
Grid current (single-tone) 58 mA 
Power input 1950 W 
Power output 1200W 
Efficiency (apparent) 61 % 
Drive power 40 W 
Power gain 14.8 dB 

The intermodulation distortion prod-
ucts at full peak envelope power input 
under the above operating conditions are: 

3rd order 4 4 dB 
5th order -37 dB 
7th order -64 dB 
9th order -68 dB 

ham radio 
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speech dipping 
in 

single-sideband 
equipment 

Audio speech clipping 

produces 

excessive distortion 

when used with 

ssb equipment — 

here's why 

In the old days when ssb was unknown 
on the amateur bands the intelligent use 
of a speech clipper with a carefully 
designed filter frequently made contacts 
possible which otherwise could not have 
taken place. Distortion was quite bad, so 
much so that the readability "in the 
clear" was actually degraded slightly, but 
you could — and did — switch the device 
out of circuit when conditions were good. 
Unfortunately, when you try to use the 
same simple technique with ssb the re-
sults are disappointing, often atrocious. 
Many amateurs have even abandoned the 
scheme. 
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Too much confusion still exists re-
garding speech processors. For example, a 
completely illogical comment in a well-
known British magazine recommended 
speech clipping to avoid overdriving the 
transmitter output stage while recog-
nizing that the process is deficient in 
other respects. I recall the outburst of an 
exasperated ham who received consistent 
adverse reports on his $15 transistor 
clipper: "It must work - you can't be 
listening right!" 

Actually, there are several references 
that point out the incompatibility of 
speech clipping with the ssb. An early 
edition of the SSB Handbook (put out by 
Collins Radio) is quite outspoken on the 
subject. The following is an attempt to 
shed some light on the matter in simple 
terms, at the risk of over-simplification, 
and to briefly examine some preferable 
alternatives. 

some basic facts 

The human voice has a low average-to-
peak power ratio; our transmitting ap-
paratus is limited primarily to a specific 
peak power level. If this power is ex-
ceeded, the result is excessive distortion 
and bandwidth, among other possible 
effects. In a-m and fm systems the situa-
tion can be improved, at the expense of 
fidelity, by instantaneously peak limiting 
or clipping the audio frequency signal 
prior to the modulation process. Con-
siderable harmonic and intermodulation 
distortion products are generated by the 
clipper which can greatly increase the 

22 Gfl februray 1971 



bandwidth of the signal. For this reason 
the clipper is always followed by a 
low-pass filter designed to cut off at 3kHz 
or so. To a small extent this filter negates 
the action of the clipper, but even so, 
effective gains of 10 dB or higher can be 
obtained. (Please note this applies to a-m 
and fm, not ssb.) 

It may seem strange to talk about gain 
in connection with devices intended to 

fig. 1, The derivation of a square wave. The 
fundamental component is shown in A . B is the 
third harmonic. The sum of A and B is shown 
in C. O is the resultant with higher odd 
harmonics of proper amplitude and phase. 

improve readability without increasing 
the peak power output. However, the 
definition is quite simple: the gain is the 
ratio of the peak power of an unpro-
cessed transmission to that of a processed 
one, where the former produces the same 
readability as the latter at the distant 
receiver under very poor conditions. 

We also talk about the amount of 
clipping in decibels. This is simply a 
measure of the reduction of the largest 
speech peaks, or more precisely, the ratio 
of the gains of the audio amplifiers with 
and without clipping for the same peak 

power output. In a-m or fm links 15 dB 
clipping can result in gains of 9 to 12 dB. 
This produces the same readability at the 
distant end, under poor conditions, as an 
undipped transmission with 8 to 16 times 
peak power. 

phase relations 
When you severely clip a sine wave or 

single-tone signal, the resultant approxi-
mates a square'wave. This can be thought 
of as the combination of another sine 
wave and its odd harmonics. The latter 
have definite relationship to the funda-
mental frequency component in both 
amplitude and phase. Fig. 1 shows a sine 
wave (fig. 1A), a third ha"monic com-
ponent (fig. 1B) and their resultant (fig. 
1C). If you add more odd multiples in 
proper amplitude and phase you eventu-
ally end up with a square wave (fig. ID). 

If the phase of the harmonic signals is 
shifted so that their peak amplitudes add 
to that of fundamental tone the results 
would be as in fig. 2. The peak amplitude 
of the resultant (fig. 2D) is more than 
twice (8 dB greater) the square wave of 
fig. 1. If the peak amplitudes of all the 
harmonics subtract from the fundamental 
the dip in the middle of the resultant 
waveform would approach zero! These 
examples of extreme cases of phase shift 
emphasize their importance. 

ssb generation 
In an ssb exciter the phases of the 

individual components of the audio signal 
are not maintained. The balanced modu-
lator does no harm in this regard. The 
resultant amplitude of the upper and 
lower sidebands forming the dsb signal 
remains peak limited in a properly de-
signed and adjusted circuit with clipped 
audio input. (One point in favor of dsb is 
that speech slipping can be used.) How-
ever, as soon as one sideband is removed 
the delicate balance of the component 
signals is upset, resulting in severe ampli-
tude variations. You are left with a set of 
rf components which correspond in 
amplitude and frequency to the audio 
fundamental, its harmonics generated by 
the clipping action. At rf these com-
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ponent signals are not harmonically re-
lated, and with the carrier and opposite 
sideband removed add up arithmetically 
to form the composite signal. Periodically 
the rf envelope exhibits maxima and 
minima with magnitudes dependent upon 
modulating frequency and system band-
width. 

As a practical example, assume that we 
have a heavily clipped (approximately 
square) 400-Hz wave of 0.8 volt ampli-
tude and use it to produce a 100-kHz ssb 
signal. Also assume that conversion gain is 
unity. Table 1 shows the frequency com-
ponents of the ssb signal and their ampli-
tudes. Components corresponding to 
harmonics above the seventh are ignored 
since they are attenuated by the filter 
following the clipper. Periodically, all the 
peaks will coincide, resulting in a maxi-
mum of the rf envelope that is equal to 
the sum of the individual peak values. 
There will also be times when the peaks 
of each of the distortion components will 
coincide to subtract from the amplitude 
of the main component and give a mini-
mum value of the envelope. In table 1 it 
is shown that the amplitude of the 
resultant envelope will vary 14 dB at an 
audio rate,* though a constant input 
signal is used! This is exactly the reverse 
of the desired effect. Bear in mind that 
this extraneous amplitude modulation is 
quite independent of any variation of the 
input signal. While the 14 dB variation 
(rather less at higher audio frequencies) is 
probably less than the normal variation in 
a speaker's voice the accompanying dis-
tortion often offsets any small numerical 
gain in average power. 

phasing-type exciters 

The situation, as described so far, is 
directly applicable to phasing exciters. If 
you severely limit the low-frequency re-
sponse below 1000 Hz in the speech 
amplifier so the low notes are clipped 
only lightly, some gain in average power 
output can be obtained, together with 

* l t can be shown that the amplitude modula-
tion frequency is 800 Hz, or more generally, 
twice that of the input speech signal. 

noticeable distortion and obvious lack of 
bass. I do not believe that any gain 
realized through speech clipping in this 
manner is any greater than that obtainable 
with a properly designed ale or volume 
compressor system. The latter of course 

fig. 2. The affect of improper phasing of 
components. A is the fundamental; B is the 
third harmonic; C is the sum of A and B; D is 
the resultant. 

produce negligible distortion and can be 
designed to give properly balanced fre-
quency response. 

filter-type exciters 

The effects of speech clipping in ssb 
exciters are small compared to the further 
deterioration caused by the filters used in 
most modern equipment. The difficulty is 
the "transient" response of these filters, 
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or the response to impulses or very 
rapidly changing rf envelopes. The effect 
is the same as that observed in receivers 
when impulse interference is present. 
Under those conditions you are often 
better off to switch out the ssb filter if no 
adjacent-channel interference is experi-
enced. 

A rapid change in the rf envelope 
causes the filter to give out a high 
amplitude spike followed by several 
cycles of damped oscillations. The initial 

table 1. Results when a severely clipped 400-Hz 
wave, amplitude O.S, is used to produce a 
100-kHz ssb signal. 

relative af rf 
amplitude parameters parameters 

fundamental 1.00 400 Hz 100.4 kHz 
3rd harmonic 0.33 1200 Hz 101.2 kHz 
5th harmonic 0.20 2000 Hz 102.0 kHz 
7th harmonic 0.14 2800 Hz 102.8 kHz 
sum of distortion 

terms na* 0.67 
maximum amplitude 0.8 1.67 
minimum amplitude 0.8 0.33 
variation 0 dB 14 dB 

*not applicable because of harmonic relationship 

spike is probably inaudible in your re-
ceiver because of its short duration. How-
ever, subsequent cycles constitute what is 
known as filter ringing. The amplitude of 
the spike, the ringing frequency and 
amplitude are a function of the filter; The 
effect worsens as the filter cut-off char-
acteristic is improved. 

In ssb exciters appreciable speech 
clipping produces the same effect though 
some relief is afforded by the audio filter 
following the clipper. The ringing fre-
quency is independent of the audio input 
to the exciter and represents additional 
and particularly vicious distortion. The 
initial spike can have a larger relative 
amplitude than the audio input which 
causes it, thereby requiring a reduction in 
audio gain below that which would have 
been used without the clipping device. In 
most cases the operator is unaware of this 
since his ale takes care of the problem; he 

finds it hard to believe that his audio is 
not only badly distorted but is often 
weaker than without the clipper! 

I recall one case several years ago 
where the builder of a clipper reported 
that the only way he could make his 
gadget work properly was by pulling the 
ale rectifier tube in his Collins S-line. I am 
sure his ham neighbors must have ob-
jected in no uncertain terms; his results 
would have been less obnoxious if he had 
just removed the tube and omitted the 
clipper! 

A practical demonstration of the nasty 
things I have described is not at all 
difficult. All it takes is an oscilloscope for 
viewing the envelope of the output of the 
transmitter and an audio square wave 
generator for the microphone input and 
for the sync input of the scope. The effects 
are best seen with a low frequency input 
between 300 and 500 Hz. Also instructive 
are the results obtained with a very low 
frequency input of 100 to 200 Hz, when 
only the harmonics can pass through the 
ssb filter. The output will resemble that 
of a badly distorted and overmodulated 
a-m wave. This demonstrates the absolute 
necessity for severe low-frequency filter-
ing if a speech clipper must be used. 

To conclude, speech clipping in any 
form is incompatible with the ssb mode 
as we know it. The generation of appreci-
able harmonics of the audio signal is the 
source of the trouble. Therefore, we must 
include as undesirable the many varia-
tions which produce the same effect: 
logarithmic Iimiters, instantaneous com-
pressors, including those built into phone 
patches. I cannot recall all the names that 
have been used to describe essentially 
similar devices. They will do a good job 
on a-m or fm but not with ssb. Now let's 
stop being completely negative and take a 
look at schemes which can do a good or 
fair job of raising your talk power. 

automatic level control 
Basically, ale is intended to serve the 

same purpose as automatic gain control in 
receivers. One of the expressions must be 
a misnomer; the purpose in both cases is 
to obtain constant peak signal output by 
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controlling the gain of a preceding ampli-
fying stage, A typical system is shown in 
fig. 3. When the peak rf signal exceeds the 
delay voltage the excess voltage appears 
across resistor R1. The rf is removed by a 
filter (R2 and C2) and the resulting dc 
voltage is used to reduce the gain of a 
preceding stage (preferably a stage oper-
ating at a different frequency in the 
interest of stability). The gain between 
the controlled stage and the sampling 
point should be large so that the actual 
peak rf level will exceed the delay voltage 
only slightly. 

The attack time is largely determined 
by the product of R2 and C2, the charge 
constant. The charge time constant 
should be short so the duration of the 
initial rf peaks is brief and the resulting 
overmodulation (flat-topping) is of little 
consequence. Those familiar with servo 
loops will realize that the attack time 

the output peak level nearly constant and 
equal to the delay voltage. Under this 
condition, which is typical of receiver age 
circuits, no gain in average power is 
obtained. However, the benefits are con-
siderable since the operator doesn't have 
to worry about overdriving the output 
stage. This can result in appreciable 
psychological gain. 

If the ale recovery time is made very 
short — less than 50 mS or so — it be-
comes comparable to the periods of the 
lower audio frequencies and will result in 
distortion similar to flat-topping. A 
medium time constant - between 1/8 
and 1/2 seconds — will avoid this and at 
the same time be low enough to compen-
sate for the slow or syllabic amplitude 
variations of the human voice. This makes 
your voice sound a little unnatural, but 
no distortion nor increase in bandwidth 
will occur. The average power gain ob-

cannot be made too short or control 
overshoot followed by damped low fre-
quency oscillations will take place. In 
practice there is no difficulty in obtaining 
a satisfactory compromise. 

The decay or recovery time of the 
system depends on the product of C2 and 
(R1 + R2), the discharge time constant. 
Note that R1 does not affect the attack 
time; therefore, it may be selected to 
determine the recovery time only. If 
recovery time is long — several sec-
onds — the output amplitude faithfully 
follows variations in the input signal with 

tained by smoothing out the syllabic 
variations is between 3 and 6 dB in a well 
designed system and depends upon the 
operator's voice characteristics. 

Ale is now a standard feature in 
modern ssb transmitters. Unfortunately, 
in many equipment its performance 
leaves a lot to be desired. In these cases 
ale is best regarded as an emergency brake 
and its extensive use is to be avoided. On 
the other hand, I know of one trans-
m itter — and I am sure there are 
others — with excellent ale performance. 
All the operator has to do is turn up the 
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audio i-f level to obtain an essentially 
distortionless lift in average power. 

It is not my purpose to enumerate the 
many dubious practices and glaring design 
errors I have noticed in some commercial 
amateur equipment. I once had to re-
design and rebuild the ale circuitry in an 
exciter of well known manufacture be-
fore I was able to operate on the same 
band as its owner two miles away. His 
equipment was brand new and was func-

and fm, as welt as quite a bit more. 
However, cost is rather high, and retro-
fitting older equipment is likely to be 
difficult. 

As I have attempted to explain, the 
incompatibility of speech clipping and ssb 
stems from the audio frequency har-
monics which are generated within the 
speech bandwidth. If the clipping process 
is postponed until after generation of the 
ssb signal the harmonics will be multiples 

fig. 4. Single-sideband generation with rf clipping. 

tioning as designed but the signal was 
little better than it would have been when 
overmodulated without ale. 

volume compression 
Volume compression can be regarded 

as an age system operating at audio. The 
performance is the same as a properly 
functioning ale system. In this case, too 
short a discharge time will result in 
speech clipping with its deleterious ef-
fects. A medium time constant (about 14 
second) will give an appreciable lift in 
average power. 

If a volume compressor is used with a 
good ale system it will result in duplica-
tion with virtually no additional ad-
vantage. On the other hand, a good 
volume compressor is a considerable asset 
when used with exciters containing poor 
ale circuitry, or none at all. 

rf clipping 
Although rf clipping has come into 

prominence only recently it is an old 
idea. I have references which go back to 
1952, and there is a patent dated 1926 for 
a similar process! Rf or i-f clipping will do 
for ssb what speech clipping does for a-m 

of the intermediate or radio frequency 
and are nowhere near the fundamental. 
Their removal is no problem whatsoever, 
and you have a clipping process which is 
free from harmonic distortion. This is 
appreciably better than results with or-
dinary speech clipping in a-m or fm. 

Unfortunately , there are inter-
modulation (IM) products: beat fre-
quencies (sum or difference) when two or 
more signals exist simultaneously within 
the passband. Higher order IM products 
are the beat frequencies of the harmonics 
of the signals and these can fall in or near 
the fundamental signal band. The ampli-
tudesof these IM products are fairly small 
as is their effect on signal quality. How-
ever, they may increase the bandwidth of 
the signal beyond acceptable limits. There-
fore, a ssb filter is required after the rf or 
i-f clipper. 

Fig. 4 shows a clipping arrangement 
operating at the first ssb frequency. The 
ssb generator is conventional, except that 
in a new design the first filter need only 
have moderate performance, say 20 dB 
sideband rejection and less carrier sup-
pression assuming a good balanced modu-
lator. The second ssb filter will determine 
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the quality of the outgoing signal and 
should have sharp skirts and a high 
attenuation floor. The agreement in the 
cut-off frequencies of the two filters must 
be very close on the carrier side (both 
sides if the same filters are used in a 
selectable sideband exciter). No over-
loading must occur in the stages pre-
ceding the i-f clipper. These requirements 
make modification of an existing exciter 
a difficult job. 

to build a closed-loop ssb system with rf 
clipping. The output will be at the 
original audio frequency with instanta-
neous amplitude limiting, just as in a 
speech clipper, but without any new 
harmonic components. Therefore, it is 
suitable for the speech input of a ssb 
transmitter (and will give superior per-
formance when used with a-m and fm 
equipment). 

Fig. 5 shows the block diagram of such 

LOCAL 
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fig. 5. Block diagram of the Comdei CSP-11, an audio accessory unit with rf clipping. 

Rf clipping is at least as good as speech 
clipping with a-m with the advantage that 
distortion is small compared with the 
older method. A 10-dB gain in average 
power can be expected with 15-dB 
clipping. The actual gains may be lower 
or higher depending on the severity and 
nature of the difficulty of the communi-
cation path. In 1961, Paul Day, W1PYM, 
and I demonstrated and recorded the 
effectiveness of rf clipping by simulating 
a poor ssb link. An unprocessed trans-
mission was adjusted to be on the thresh-
old of readability, say R2. A transmission 
with the identical peak output power and 
incorporating speech clipping produced 
no improvement. In contrast, a trans-
mission using rf clipping produced a 
readability of 4 to 5. In fact, the peak 
output could be reduced considerably 
below that of the unprocessed trans-
mission before intelligibility was affected. 

compatible audio accessory unit 
Rf clipping is probably the most ef-

fective way to increase the talk power of 
a ssb transmitter. Since modifying an 
exciter to incorporate the feature is dif-
ficult at best, a way around the problem is 

an accessory unit, the Comdei CSP-11. 
Note that there can be no frequency error 
since the same oscillator is used for 
modulation and demodulation. In this 
unit peaks are limited or clipped instanta-
neously, there is no discharge time con-
stant, and harmonic distortion is absent. 

While experimenting with rf clipping 
the scheme shown in fig. 5 was realized 
and tested. There was no audibly dis-
cernible difference between the per-
formance with rf clipping and that ob-
tained with the audio accessory unit. (In 
theory, the latter should produce slightly 
higher IM distortion.) The audio was 
demonstrated to a member of a well 
known audio consultant firm; his first 
reaction was disbelief that he was listen-
ing to a clipping system! His own tests 
with the processed audio (there was no rf 
link involved) showed that: 

"l.When mixed with noise, the new 
method is slightly superior to normal 
speech clipping; 15 dB clipping pro-
duced 10 dB intelligibility gain with 
no apparent distortion (in noise). 

2. There was no loss of intelligibility 
whatever "in the quiet" up to 24 dB 
clipping. In regular speech clipping 
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systems where there is some loss be-
cause of distortion. 

Many years of experience have con-
vinced me of the value of rf clipping in 
the simulated form. Unless specifically 
requested for demonstration purposes I 
never switch the device out of circuit and 
o f t e n receive unsolicited gratifying 
reports. 

conclusion 
Speech clipping in its old form, or any 

device which causes severe distortion of 
the audio signal, should not be used with 
ssb transmitters. Properly designed ale 
systems and volume compressors can be 
used to prevent flat-topping and give 
moderate gain in talk power. With regard 
to talk power, rf clipping and its audio 
derivative will give the best results, but 
the devices are rather costly. 

Like most things in life, processing the 
ssb signal can be overdone and the most 
effective devices misused. For instance, 
moderation is in order when the micro-
phone is in a noisy location. Most of us 
are familiar with the "aeronautical 
mobile" effect where the noise power is 
as high as that of the intelligence when-
ever the operator stops speaking. While 
the signal-to-noise ratio is not actually 
degraded the effect on the listener is one 
of annoyance. I t is well to ensure that the 
PEP output of a transmitter with speech 
is at least 15 dB - preferably 20 
dB — above the noise PEP. 

I hope that I have managed to con-
vince you that speech clipping is not for 
the ssb station. There are other devices 
and techniques available, though they 
cost a bit more. When viewed against the 
total amateur station investment the ad-
ditional expense is really quite reason-
able. 

For those of you who want the ulti-
mate in performance (and cost) a local 
long-time-constant age loop ahead of the 
rf clipper will ensure that a fixed amount 
of clipping, say 18 dB, can never be 
exceeded. A properly adjusted volume 
compressor can be made to serve the 
same purpose. 

ham radio 

NEW Mobile Antenna System 

VSWR 
GUARANTEE 
of 7.5// or better 

Celebrat ing Our 25th Year! 
Mosley Electronics, Inc. takes 
pride in introducing an Anniver-
s a r y - S p e c i a l . . , The new "Rode-
M a s t e r " , featuring a GUARANTEE 
of an adjustable VSWR of 1 . 5 / 1 
or better at any given frequency 
on each band. 

Designed for the economy-Mind-
ed H a m , the new "Rode- M a s t e r " 
offers a choice of 6 . 10, 15, 20 . 
40 , 75 & / o r 80 meters. The upper 
te lescoping Whip sect ion doubles 
as a 6-meter antenna completely 
adjustable for the entire band. 
You select from f i v e new preci-
sion wound 400 Watt Co i ls for 
10, 15, 20, 40 and 7 5 / 8 0 meter 

j l operation. 
H Other Special Features: 
• Bumper or trunk mounting option 

. . . Guying device for frequency 
stabi l i ty at highway speeds . . . 
Break -over (hinge) to lower an-
tenna . . . Rotate antenna 360° in 
the break-over posit ion. A con-
venience for easy coi l insertion, 
whip adjustments etc. . . . DX 
Matching Ne twork : Smal l , simple 
to instal l and operate. The real 
reason why Mosley can Guarantee 
an adjustable VSWR of 1 . 5 / 1 or 

(better. 

Free QSO Index wi th the purchase 
of a complete " R o d e - M a s t e r " an-
tenna system. Get al l the facts. 
See your Mosley deafer or write 
Dept. 206. 
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Id-effect transistor 
transmitters 

Low-power transmitters 
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The field-effect transistor has recently 
been finding its place in radio communi-
cations equipment. Although its perform-
ance as an rf amplifier and mixer is well 
known the fet's merit in other functions 
seems to have gone unnoticed. The fet 
can function well in dc amplifiers, audio 
amplifiers, switching circuits, oscillators, 
multipliers and phase modulators. This 
article presents a low-powered vhf trans-
mitter that uses field-effect transistors in 
every stage. 

Although the fet deserves considera-
tion when designing vhf transmitters it 
will not quell the nightmares of the 
solid-state vhf transmitter designer. It has 
its advantages: inexpensive, simple class-C 
biasing, low feedback capacitance, good 
efficiency with a 12-volt supply and 
relatively high power gain. The fet also 
has its disadvantage — low power dissipa-
tion. Commercially available field-effect 
transistors were developed primarily for 
small-signal use and typical power dissipa-
tion ratings are on the order of 0.4 watt. 
Since these ratings are based on no 
external heat sinking it is possible to 
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decrease the case temperature and oper-
ate the fet beyond published ratings. 
However, for low-powered transmitters or 
low-power stages of higher powered trans-
mitters, field-effect transistors can be 
used as is. 

I have tried several experiments with 
transmitting circuits using fets, including 
fundamental and overtone crystal oscilla-
tors, frequency multipliers, rf amplifiers, 
and phase modulators. The two transmit-
ters described here use experimental cir-
cuits. Both n-channel junction fets and 
n-channel depletion-mode mosfets were 
used. Mosfets and jfets are usually inter-
changeable but in most cases the simplic-
ity of gate-leak bias for class-C circuits 
favors the jfet. The same results can be 
obtained by adding a diode from gate to 
source in the mosfet. In most cases 
performance is sufficient and the use of a 
mosfet doesn't warrant the additional 
component. 

two-meter fm transmitter 
The two-meter fm transmitter in fig. 1 

uses five junction field-effect transistors. 
It is intended to be used with a portable 
vhf receiver as an fm walkie-talkie. Using 
a Heathkit GR88 vhf monitor receiver 
{tuned below its normal range) a range of 
over one-half mile was obtained between 
two walkie-talkies. An additional ampli-
fier, tube or transistor, could be added 
for additional power for more serious 
work. 

The cost of the fet transmitter is quite 
low. Homemade coils and chokes were 
used along with bargain-variety transis-
tors. Devices were selected for optimum 

Bottom view of the two-meter fet 
transmitter shows component layout. 

Two-meter fet fm transmitter. 
performance in the 72-MHz tripler and 
the 144-MHz doubler stages. Excluding 
the crystal the total cost was below 
$10.00. 

In this transmitter Q1 operates as an 
8-MHz Pierce crystal oscillator which 
drives the phase modulator. The phase 
modulator was designed after a circuit 
used in an antique Link high-band mobile 
transmitter. The Link modulator pro-
vided 20-kHz deviation at 144 MHz using 
a 3.0-MHz crystal. I had no diff iculty 
obtaining 5-kHz deviation from an 8-MHz 
crystal in the fet version. The modulator 
drives a single tripler tuned to 24 MHz, 
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L I 9 turns no. 28, closewound on a V*' 
slug-tuned coll form 

L2 0.75 [ M (J. W. Miller 4651) 

L4 10 turns no. 20, 'A" diameter 

LS 3 turns no. IB, Vz" diameter, 6 turns per 
Inch, tapped at 2 turns (Air-Dux 406T) 

L3 3'/2 turns no. 20, closewound on a Vz" 
slug-tuned coil form 

L6 1 turn hook-up wire around cold end of L.5 

T1 Carbon-mic to grid transformer 

fig. 1. Schematic diagram of the two-meter fet phase-modulated fm transmitter. 

which drives another single-tuned tripler 
and a doubler. The efficiency of the 
higher frequency multipliers decreases 
with increasing frequency, and it was 
necessary to select fets for optimum 
performance. Since the single-tuned mul-
tipliers offer little rejection of unwanted 
harmonics it is desireable to double tune 

the 144-MHz doubler if the unit is to 
drive a higher powered amplifier. 

The transmitter was originally de-
signed for a 9-volt power supply to 
conform with the monitor receiver. How-
ever, fet multipliers, like their vacuum-
tube counterparts, require the highest 
supply voltage permissable for maximum 

Ten-meter transmitter features a mosfet in the power-amplifier stage. The battery provides bias only, 
and could be replaced with a miniature mercury type. 
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efficiency. The fets used in the transmit-
ter had a max imum V d s of 2 0 volts and, 
as expected, best operation was obtained 
with a supply voltage of 20 volts. T w o 

The final amplifier in the ten-meter 
transmitter uses a single 3N128 mosfet 
with a 1.5-V dry cell for fixed bias. Since 
the drain on the bias battery is essentially 

4/fif 

L I 12 turns no. 36, closewound on V«" slug-
tuned coil form 

fig. 2. Ten-meter transmitter using a mosfet 
power-amplifier stage. Power output is about 
200mW. 

9-volt batteries in series were used for 
portable operation; 9 volts for the re-
ceiver and 18 for the transmitter. A small 
dry cell was used for the carbon micro-
phone. 

ten-meter transmitter 
The transmitter in fig. 2 is capable of 

200 mW output into a 50-ohm load at 29 
M H z with an overall efficiency of 50%.* 
The transmitter is a two-stage affair con-
sisting of a jfet overtone oscillator and a 
class-C mosfet amplifier. 

I have had great success with fet 
crystal and self-excited oscillators. No t 
one fet oscillator failed to oscillate, and 
all the experimental circuits exhibited 
excellent frequency stability. In the 
tuned drain-oscillator in the ten-meter 
transmitter it was possible to operate 
fundamental crystals in the third over-
tone, and to operate overtone crystals in 
the fundamental simply by changing the 
tank resonance. 

'Overall efficiency is the total transmitter 
power input divided into the output power. 
This includes the power for the oscillator. 

L2 13 turns no. 18, tapped at 8 turns (Air-Dux 
408T) 

L3 3 turns hookup wire around cold end of L2 

zero, a small 1.4-volt button-type mer-
cury cell could be used since its shelf life 
is several years. 

Two fets were tried in parallel with a 
small increase in power output but a 
reduction in efficiency. Previous experi-
ments with parallel mosfet amplifiers at 
50 M H z showed some hope, but most 
circuits, when pushed beyond one-watt 
output, resulted in burned out mosfets. 
Because of the difference in mosfet char-
acteristics, one transistor does all the 
work while additional parallel devices 
only decrease efficiency. The single 
3 N 1 2 8 required no neutralization and 
provided almost 200 mW output with a 
12-volt supply. 

The purpose of the ten-meter transmit-
ter is the same as that of the two-meter 
fm unit. Many inexpensive 30- to 50 -MHz 
monitor receivers can easily be tuned to 
29 MHz , converted to a-m, and used with 
the fet transmitter. F rom my experience 
with 100-mW citizens-band transceivers 
on 10 meters, the range of such a 
combination should be quite respectable. 

ham radio 
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improving 
the 

Motorola P-33 

Add these 

modifications 

and you'll have 

a truly high-performance 

2-meter rig 

Some authors have referred to fm equip-
ment as the "new surplus."1 If you were 
to choose the ARC-5 equivalent of the 
new surplus, it would no doubt be the 
Motorola P-33. This is a 5-watt unit with 
a partially or fully transistorized receiver 
(P-33A or B respectively). 

The P-33 transmitter uses quick-heat-
ing tubes. Power can be supplied by nicad 
batteries, dry cells, or a 6/12-volt power 
supply. The P-33 is readily available, 
usually at less than $100.00. In this part 
of the country it seems as though every 
ham on fm uses one. 
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The P-33 has two relatives. One is the 
H-23A (or B), which is a one-watt handy-
taiky. Its big brother, the D-33A (or B) 
Dispatcher, is a 10-watt motorcycle unit. 
These rigs have essentially the same trans-
mitter and receiver strips, so the follow-
ing modifications are applicable to all 
three models. Included are: 

1. Changes for receiver 2-meter opera-
tion and an fet front end. 

2. Changes to receiver and transmitter 
to increase bandwidth. 

3. Improvements to the nicad-battery 
supply in the P-33BAM equipment. 

receiver front end 

The fet addition to the receiver was 
introduced to me by Walt Fairbrother, 
W1RYL. In one of my earlier articles, I 
vaguely mentioned this modification, and 
both Walt and I were deluged with mail 
inquiries. Since then I've made a few 
minor improvements. 

The P-33 series was originally in two 
forms, low high-band (136-150 MHz) and 
high high-band (150-174 MHz). Most 
available units are of the high-frequency 
version. The following modification will 
improve sensitivity and also put the unit 
in the two-meter band. For exact pin 
locations and tune-up instructions, con-
sult the manual for your unit. The re-
ceiver modifications are shown in fig. 1. 
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1. Remove the input coax cable at L I 
pin 4. 

2. Remove the jumper between L1 pin 
2 and L2 pin 3. 

3. Carefully remove the shield can 
from L1 by unsoldering the two lugs 
that hold it to the PC board. 

4. Remove C1 (9 pF), C2 (47 pF), and 
C 3 (.51 pF). 

5. Disconnect the grounded end of L1 
from the board. 

6. Carefully drill out the pin-1 hole 
where the grounded end of L1 was 
connected. Start with a no. 60 drill to 
make a pilot hole. Enlarge the hole 
further, using a no. 51 drill. Be careful 
not to allow metal chips to fall into 
the transmitter section. 

7. Using a razor blade, cut out and 
peel off the conductive material on the 
bottom of L1 (see fig. 2). Do this to 
both sides of the PC board. This will 
insulate pin 1. 

8. Using a no. 27 drill, slightly coun-
tersink both sides of the hole. 

9. Insert the new C2 (56 pF) into 
holes 1 and 4 of L1. 

10. Insert the cold end of L1 coil into 
hole 1. 

11. Insert the new C1 (12 pF) into 
holes 3 and 4 of L1. 

12. Solder L1 pins 1, 3, and 4. 

13. Drill a pilot hole for the 3N128 
between L1 and L2. 

Bottom of receiver board showing the fet leads 
and other wiring changes. C54 can be seen near 
cable clamp (see receiver widebanding). 

Motorola P-33 portable with homebrew 
battery charger. Using the jack on the 
side of the unit, it can be powered by an 
external 12 Vdc source. 

14. Using successively larger drills, en-
large the hole so that the transistor 
case fits snugly. You should end up 
using a no. 12 drill. 

15. Remove the can from L2 as in step 
3 and remove C4 (6.6 pF). Replace it 
with the 9 pF capacitor (C1) removed 
in step 4. 

16. Remove the can from L3 and 
remove C6 (5 pF). 

17. Replace this capacitor with the 6.6 
pF unit (C4). 

18. Solder the shield cans onto L1, L2, 
and L3. 

19. Install a .001 /iF capacitor be-
tween L1 pin 1 and ground. 
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20. Install a 200-ohm, 1/8-watt re-
sistor between L1 pin 1 and the (now 
vacant) pin 2. (Pin 2 will become a 
tie-point.) 

21. Connect a small .001 ixF capacitor 
between L1 pin 2 and ground. 

22. Insert the transistor into the hole 
between L1 and L2. The leads should 

NOTE CAfVarOD VALUES <WE FOR HIGH-BAND OPERATION 

ORIGINAL 

MODIFIED 
fig. 1. P-33 receiver front-end modifications per W1 R Y L . 
Before and after circuits are shown in A and B. 

table 1. Accessories for the P-33 available from 
Motorola.* 

Item 

N B Permakay filter 
W B Permakay filter 
Tuning tool 
Tube 
Manual for: 

P-33 B A M 
P-33 S A C 
H - 2 3 B A M 
H - 2 3 B A C 

Part N o . Price 

N F N 6 0 0 0 A S $21.00 
N F N 6 0 0 0 A W 21.00 
6 6 A 8 4 7 0 3 6 1.15 
type 6397 7.84 
6 8 P 8 1 0 0 5 A 4 0 - E 1.50 

•1875 Greenleaf 
Illinois 60007. 

Avenue, Elk Grove Village, 

face away from the case. Do not 
remove the static discharge wire from 
the transistor at this time. 

23. Ground pin 4 of the transistor. 

f i g . 2. Conductive 
material must be re-
moved as shown f rom 
both sides of the PC 
board under coil L 1 
for receiver front-end 
mods. 
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24. Connect lead 3 of the transistor to 
L1 pin 3. 

25. Connect transistor lead 2 to L1 pin 
2. 

26. Connect transistor lead 1 to L2 pin 
3. 

27. Run a wire from L1 pin 1 to point 
A (see fig. 1). (Point A is between L11 
and L9.} 

28. Connect the inside conductor of 
the antenna coax cable to L1 pin 4 
and ground the shield. 

29. Remove the static-discharge wire 
from the transistor. 

30. Retune the front end as described 
in the manual. 

T o p of receiver board showing L I and L2 
wi thout cans. The top of the fet can be seen 
between the coils just above the screw. 

increasing bandwidth 
If you don't know whether your re-

ceiver is wide or narrow band, look for a 
long, thin Permakay filter in the receiver 
section. If the receiver is a wideband unit, 
the filter will be numbered NFN 6000 
AW. Narrowband receivers will have the 
number NFN 6000 AS. 

If narrowband operation is used in 
your area, you'll be delighted to know 
that most P-33s are narrowband. How-

table 2 . Capacitors to be added to the P-33 
transmitter. (A l l are 5 0 0 V d c w . ) 

Capacitance Connections 
(PF) 

8.2 V 3 pin 1 to ground 
8 . 2 V 4 pin 4 to ground 
2 . 0 V 5 pin 1 to ground 
1.5 2 0 % across L 8 
1.5 2 0 % f r o m one side of L 9 to L 9 

center tap 
1.5 2 0 % f rom other side of L 9 to L 9 

center tap 
1.5 2 0 % across L 1 0 

ever, if your area uses the more common 
wideband deviation, start warming up the 
soldering iron. 

1. Remove C54. This is a 2000-pF 
capacitor at the output of the Perma-
kay filter. It's located very close to the 
clamp that secures the control cable. 

2. Connect a small 56k resistor be-
tween L30 discriminator can pin 10 
and pin 6. 

3. Connect another small 56k resistor 
between pins 8 and 9 of the same can, 
L30. 

4. This step is optional (and expen-
sive), but the change greatly improves 
receiver audio quality. Remove the 
narrowband filter (NFN 6000 AS) and 
replace it with the wideband version 
(NFN 6000 AW). See table 1. 

To increase transmitter bandwidth, 
simply adjust the deviation pot (labeled 
IDC) for the appropriate level. This con-
trol is located near a small transformer 
(T1) on the transmitter board. 

transmitter improvements 
Getting the transmitter to operate on 

two meters is no major problem. If you 
want optimum performance from your 
unit, pad the transmitter with the com-
ponents shown in table 2. 

After you tune up the transmitter, 
check it for rf output. See table 3 for the 
power output to be expected from your 
unit. If output is low, very carefully 
retune the transmitter and power ampli-
fier. Also adjust R35 for 28 mA at JU-1. 
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table 3. Power output to be expected from 
H-23 and P-33 units with various power-
supply conditions. 

H-23 Series 
1.0 watt at full battery voltage (135 Vdc) 
0.8 watt at nominal battery voltage 
(120 Vdc) 

P-33 Series 
3 watts at 162 volts (dry cell nominal) 
4 watts at 180 volts (dry cell maximum) 
5 watts at 240 volts (nicad batteries) 

multiplier and driver checks 
It's very difficult to find a tube 

checker to test the multiplier arid driver 
chain, so check the 2E24 in the power-
amplifier cage, even though this tube 
seemingly never needs changing. After 
you've made further steps, such as voltage 
checks, you can feel confident that the 
third doubler and drivers are at fault. This 
is a common problem with P-33s. All 
these tubes are 6397s, and they'll set you 
back a fat $7.84 each. 

Why did they go bad? There are a 
couple of possible reasons. The 6397 has 
a quick-heating filament. After awhile, a 
filament may not heat as quickly as it 
should. While transmitting, the driver 
tubes may not be getting any excitation, 
and they'll blow. Thus, all three usually 
go in "domino" fashion. 

N i c a d b a t t e r i e s in P - 3 3 B A M , 
H - 2 3 B A M series. From left, metal 
vented nicad cell; plastic-coated non-
vented cell (nicad); vented nicad 
battery. 

The second cause of tube failure is 
preventable. Some hams operate the P-33 
directly from the car's ignition system. If 
a large enough voltage spike occurs, the 
6397s will be zapped. Many fm'ers run 
their units like this with no trouble; then 
again, some aren't so lucky. 

power-supply improvements 
In equipment such as the P-33BAM, 

the " M " denotes a nicad-battery supply. 
Likewise, a " C " denotes a dry-battery 
pack in a P-33BAC. 

There's not much to say about the 
dry-battery pack, because it's merely a 
box. The nicad supply, however, is a 
6/12-volt dc-to-dc converter. Nothing 
seems to go wrong with the inverter, but 
every P-33 owner should become an 
expert on the care of the nicad batteries. 
After all, a new set of nicads would cost 
you only $128.50! Used nicads can be 
obtained for about $15, though, thanks 
to the surplus emporiums. 

It's impossible to give a complete 
discussion on nicads here, but the follow-
ing is advisable. If the nicad pack is 
vented, each cell will have a rubber gasket 
and a screw at the top. Sometimes the 
electrolyte leaks out of the vent and 
solidifies. Simply clean off the entire 
battery with clear water and a tooth-
brush. Make sure the vents are screwed 
shut when cleaning. If electrolyte is 
needed, place approximately two potas-
sium hydroxide (KOH) pellets into the 
required amount of water for each cell. 
Do not saturate the electrolyte. Mix the 
solution well before putting it into the 
cell. {This procedure isn't necessary for 
nonvented cells.) 

Incidentally, some of the batteries 
made by Gulton (for Motorola) are 
labeled "Alkaline Batteries." These are 
actually nicads. The batteries made by 
N IFE are plainly labeled nicads. 

charging nicads 
Measure the voltage of each cell. A 

fully charged cell should show 1.25 volts 
under load. If the ceil shows zero volts, 
check it to determine if it's shorted. If so, 
the shorted cell should be replaced. 
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Each battery consists of five cells, and 
there are two batteries in the P-33. The 
H-23 has one battery, and the D-33 has 
none. 

If you don't have a charger, the circuit 
shown in fig, 3 will do the job nicely, An 
advantage of this circuit is that it will 
charge the batteries while they're in-
stalled in the P-33. You can also simul-

If S1 remains in the fast charge position 
too long, the nicads may explode. 

When the batteries are fully charged, 
S1 may be placed to trickle charge. This 
will ensure fully charged batteries when 
you need them. The batteries can be 
trickle-charged continuously with no 
harmful effects. Discharged nicads should 
be recharged immediately after use. If 

ISVOC 

Nl-CAC BATTERY 
CHARGER FOR 

P-33 BAM 
P-31 BAM 

peot pu/es into 
THE SIDE o r TN£ 
BATTERY PACK 

P20I 

NI-CAD BATTERY 
CHtROCR FOR 

H-23 BAM 
H-ei BAM 

-OT 

IP YW PLAN TO OPERATE YOUR UNIT WHILE ON EXTERNAL 
POWER, YOU MUST USE A REOULATgQ ISVDC SOURCE. IT DCES 
NOT HAVE TO BE REBULATED FOR CHAROINO PVRPOXS. 

-0« 
-04 
- O » P20I 

fig. 3. N i c a d bat tery chargers. C i r c u i t at A is f o r the P - 3 3 B A M , 

P-31 B A M , etc. B shows c ircuit f o r H - 2 3 B A M a n d H - 2 1 B A M . 

taneously charge batteries and operate 
the rig, providing you have a regulated 
12-Vdc source. 

With S1 in the fast charge position, the 
batteries receive a 375-mA charge. Ten 
hours are required to charge the batteries 
at a 400-mA rate; however, when S1 is in 
the fast charge position, the circuit 
charges at 375 mA as a safety precaution. 
Thus if the battery is fully discharged it 
should be charged for 10 hours; if half 
discharged, it should be charged for 5 
hours, etc. A word of caution is an order. 

you try to operate your P-33 on dis-
charged nicads, the batteries might be 
permanently damaged. 
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mosfet converters 
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six and 
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High-performance 

vhf converters 

featuring gate-protected 

mosfet devices 

and simple 

construction 
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Since 1968 when the first mosfet amateur 
receiving converters were described in 
ham radio,1 many hams have had the op-
portunity to prove their worth. I know 
of 20 such converters operating in the 
Philadelphia area alone. While the original 
design was easy to construct and pro-
duced troublefree operation, a redesign 
using a printed-circuit board and the 
latest transistors further simplifies the 
project. By combining the experience of 
many users it is possible to direct the 
builder in customizing his own system. 

Top view of the six-meter converter. 
No zener regulation was used in this 
unit, l-f output is at 14 M H z . 
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choosing transistors 
With the introduction of the gate-pro-

tected mosfet, most of the former prob-
lems with premature burnout are elimi-

mosfet handling precautions 
Since electrostatic charges can destroy 

the gate insulation on mos field-effect 
transistors, the devices must be handled 

too i 

nated. At the time of this writing, there 
are three such transistors, the RCA 
40673, 3N187 and 3N200. The 3N187 
and 3N200 are basically the same as the 
40673 but feature more tightly con-
trolled operating characteristics. A list of 
protected and unprotected mosfets suit-
able for vhf use is given in table 1. 

One disadvantage of the 40673, which 
may be overcome by using other mosfets, 
is the wide variation in characteristics 
that is possible. By selecting a 3N159 
for the front end, the lowest noise figure 
is possible. Next in order of preference is 
the 3N140. This is also a good choice for 
the rf stage of the 6-meter unit and the 
second rf stage of the 2-meter converter. 
Performance comparable to the 3N140 is 
obtainable from Motorola's MFE3007. 
An RCA 40603 or Motorola MFE3006 
would also be suitable as rf amplifier at 
50 MHz. In the mixer — the least critical 
stage — lower gain transistors such as the 
3N142 or MFE3008 are useful. 

with a certain amount of care. The 
following handling procedures are recom-
mended: 

1. Do not remove the external shorting 

This six-meter mosfet converter has a 
28-MHz i-f output. Note the zener 
regulator and large voltage-dropping 
resistor. The crystal is a small HC-18 
type. 
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wire until all components are wired 
into the circuit. 

2. Use a soldering iron with a 
grounded t ip {3 wire). 

The RCA 40673, 3N187 or 3N200 do 
not have an external shorting spring 
because they are internally protected 
against low energy charges. However, 
precautions 2 and 4 still apply. Mosfets 

MIXER 

fig. 1. Circuit diagram for the 
deluxe mosfet two-meter con-
verter. R1, for best noise figure, 
should be 33k; for maximum 
gain, 47k; for minimum cross 
modulation, 10k. Components 
given in parts list are for 28-MHz 
output. 

L I 5 turns no. 16, V*" diameter, 
tapped I1/* turn from 
ground, air wound 

L2 4 turns no. 22, W diameter, 
air wound 

L3 3 turns no. 22, %*• diameter, 
air wound 

L4 0.68 (J.H (J. W. Miller 4590) 

LS 2.38 — 3.96 jUH (4. W. Miller 
20A336RBI) with 3-turns 
no. 26 output link 

L6 5 turns no. 22, V*" diameter, 
air wound 

3. If any components must be added 
or removed, short the mosfet leads 
before proceeding. 

4. If possible, isolate test equipment 
probes with a capacitor; some test 
equipment, usually old, has high volt-
ages present which wil l destroy the 
transistors. 

from Motorola such as the MFE 3007 are 
built differently and have higher break-
down voltages — one experienced user 
told me he experiences much less trouble 
with these. My own personal problems 
with mosfets have been few, but good 
clean living helps. 

Both converters shown in this article 
are basically the same as the original 

table 1. Operating characteristics of mosfets suitable for vhf converters. 

protected type 40673 3N187 3N200 
closest unprotected equivalent 3N140 3N140 3N159 or 3N159 TA7153* 

TA7153 
maximum operating frequency 400 MHz 300 MHz 500 MHz 300 MHz 500 MHz 
typical power gain at 200 MHz 18 dB 18 dB 19 dB 18 dB na 
typical noise figure at 200 MHz 3.0 dB 3.5 dB 3.0 dB 2.5 dB na 
maximum noise figure at 200 MHz 6.0 dB 4.5 dB na 3.5 dB na 
typical power gain at 400 MHz na na 12.5 dB na 14 dB 
typical noise figure at 400 MHz na na 4.5 dB na 4.5 dB 
disadva ntages wide — — unprotected unprotected 

tolerances gates gates 

na indicates information is not available 
*not distributed through normal channels 
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design,1,2 although dual-gate mosfets are 
used throughout. One of the big advan-
tages of the dual-gate configuration is 
that the converter may be optimized for 
gain, noise figure or cross-modulation 
resistance by changing one resistor, R1. 
This resistor, from gate 2 of the first rf 
stage to ground, should be 10k for lowest 
cross modulation, 33k for best noise 

signal reception is impractical. A single rf 
stage almost completely eliminates the 
effect. 

The cost of unmatched hot-carrier 
diodes and their associated circuitry is 
four to five times more than the mosfet 
equivalent, and matched diode assemblies 
are even more expensive. From my ex-
perience, I feel that hot-carrier diodes 

Bottom view of the six-meter converter with 14-MHz output. Coils have been mounted on this side 
to conserve space. 

figure, and 47k for higher gain. There is 
little advantage in making R1 larger than 
47k because you can exceed the input 
rating of the transistors. The values of R1 
shown here are experimental, and the 
operating characteristics will vary some-
what from one device to another. 

Experiments with a hot-carrier-diode 
balanced mixer instead of the dual-gate 
mosfet were interesting. I found that 
unless the diodes were matched, there 
was no clear reduction in cross modula-
tion over the mosfet stage.* In the 
presence of extremely strong signals, the 
two-rf-stage converter will have reduced 
gain — possibly to the point where weak 

should be reserved for higher frequency 
converters and other applications. 

The oscillator of the two-meter con-
verter has been upgraded by using a 
crystal at the injection frequency. This 
has the advantage of reducing the number 
of images. The higher cost of the crystal 
is compensated by reducing the number 
of components in the circuit. 

The back-to-back diodes at the input are 
a very controversial subject. The amateur 

*The experiment was conducted on two 
meters, with a 3N141 mosfet mixer, and a 
hot-carrier-diode mixer using Hewlett-Packard 
HP2900 diodes. 
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OS 

L 1 0 . 7 6 — 1 . 2 S jUH ( J .W . Miller 
2 3 A 1 0 6 R P C ) with with 3-turn 
input l ink 

L2 0 . 5 4 — 0 . 8 S jUH { J .W . Miller 
2 3 A 6 8 7 R P C ) 

L 3 1 . 6 5 — 2 . 7 5 /JH ( J . W . Miller 

2 3 A 2 2 6 R P C ) with 3-turns no. 26 
output link 

L 4 1 . 2 0 — 1 .87 £tH ( J . W . Miller 
2 3 A 1 5 6 R P C ) 

fig. 2. Circuit diagram for the deluxe mosfet six-meter 
converter. Componen t s wi th an asterisk are for opera-
t ion f rom higher voltages (see text). Componen t s in 
parts list are for 2 8 - M H z output. 

T o p view of the two-meter converter. A special crystal is used in this model, but the more c o m m o n 
HC -18 will fit equally well. 
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with a kilowatt (on any band) is going to 
need some protection, and the built-in 
diodes on the 40673 may not be enough. 
While 1N100s or 1N916s may protect 

to use sequential relays on the same band, 
and to disconnect the converter when 
operating high power on other bands. The 
printed-circuit boards will accom ^date 

•JP eg M Pojoflfc 

fig. 3. Full-size printed-circuit board for two-meter converter. 

the transistors, they may cause TV I 
during transmission and severe cross 
modulation when receiving if a high-
power transmitter is nearby. My answer is 

the input diodes if you want to include 
them. 

Layouts for the printed-circuit boards 
are shown in figs. 3 and 4. These boards 

Bottom view of the two-meter converter. Stability of the first stage can be improved by mounting 
the antenna coil vertically, 90 to L2. 

v 
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have been designed to include a 15-volt 
zener regulator and voltage-dropping re-
sistor in case you don't have a convenient 
power supply. The value of the voltage-

tank circuits must be stagger-tuned to 
avoid oscillation. Some broadbanding is 
normally desired anyway, so no shielding 
was included in early models. Later ex-

fig. 4 Full-size printed-circuit board for six-meter converter. 

dropping resistor can be calculated on the 
basis of total current drain of 4 0 to 50 
mA. 

The printed-circuit design allows for a 
variety of components. For example, you 
can use an HC-6, HC-18 or HC-35 crystal 
holder. The trimmer capacitors may be 
replaced by feedthrough types if you 
want. And, except for L2 in the six-meter 
converter, the printed-circuit-type coils 
can be replaced by feedthrough equiva-
lents. If you want to operate from a 
12-volt source, replace the coupling resis-
tors in the rf stages with 1.5 juH chokes in 
the two-meter unit, and a 6.8 j iH choke 
in the six-meter converter. 

tuneup 

All tuned circuits except the output 
tank may be checked with a grid-dip 
oscillator, Dip the oscillator tank circuit a 
few M H z higher than the crystal fre-
quency. Apply power and tune up on the 
band. In some converters the first two 

periments showed that a simple shield 
between L1 and L2 helped stabilize the 
amplifier. The circuit may also be stabil-
ized by broadbanding with a 2200-ohm 
resistor across L2. 

The noise figure of this design has 
been measured from 2.3 to 3.0 dB, 
depending on tuning and individual dif-
ference between components. If you 
select transistors for noise figure, you can 
obtain somewhat better noise perfor-
mance. I observed noise figures less than 
2 dB at an East Coast V H F Conference in 
1969. 

I would like to thank Mike Ward, 
WB2YJK, Joe Bennet, W B 2 F D L , and 
Steve Wojcik for their contributions to 
this article. 

references 
1. Donald W. Nelson, WB2EGZ, "The WB2EGZ 
Converter," ham radio, June, 1968, p. 22. 
2. Donald W. Nelson, WB2EGZ, "The Two-
Meter Winner," ham radio, August, 1968, p. 22. 

ham radio 
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The article on the ST-6 in the January 
issue1 was somewhat general in scope. 
There are several topics remaining which 
are of interest to the serious enthusiast, 
including voltage charts, trouble-shooting 
comments and more detailed analysis of 
circuit operation. 
voltage measurements. These were all 
made with a Heathkit vtvm with the 
standard 10 megohm dc probe. The 
power supply had ±12.0 volts output. On 
each op amp, the voltages at pin 4 were 
about - 1 1 . 9 volts, and at pin 7, about 
+11.9 volts. If you are reasonably close to 
these measurements and the ones that 
follow, you should expect normal opera-
tion in that part of the circuit. Other 
voltage measurements are shown in table 
1. 

Some latitude on these measurements 
is acceptable. The voltage with mark 
signal at test point 2 might vary from unit 
to unit, but should be 6 to 9 volts. All 
measurements on U1 should be pretty 
close to those given. On U2 most of the 
measurements will be pretty close; if the 
voltage at pin 6 is not between 7.5 to 9 
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volts, adjust resistor R ' D ' as explained 
later. On U3 the measurements will be 
very close again, with voltages at pins 2, 3 
and 6 slightly less than at pin 6 of U2. U4 
should be quite close to these. On U5 the 
voltages at pins 2 and 3 may vary a little, 
but the rest should be very close. On U6 
and U7 the voltages should be pretty 
close to those shown in table 1. 

On Q1, the voltages at the base should 
match very closely, although those on the 
collector can vary some. That is, with a 
mark signal, you might get from 0.5 to 
2.0 volts; the voltage on space will de-
pend on your loop supply and trans-
former, but probably will be between 140 
and 200 volts. 0 2 and Q2 voltages should 
match closely. The voltage on the base 
and emitter of Q3 may vary somewhat. 
The voltage on the collector of 0 4 may 
be anything from almost zero to 0.2 
volts. The voltages on Q5 and Q6 should 
be about the same as those in table 1. On 
07 the collector voltage with mark signal 
will be from almost zero to 0.2 volts, and 
the voltage on space might be anything 
from 8 to 10 volts. 

troubleshooting 
The first thing to check is power 

supply output; make sure you are getting 
close to ±12 volts. Then start with the U1 
stage. Disconnect the input to the ST-6 
and balance the pot for 0 Vdc output; 
then connect the input and insert a mark 
signal. Check the voltage at test point 2; 
it should be around 7 to 9 volts. Check 
the voltage at test point 3, it should also 
be around 7 to 9 volts. If more than 9 or 
less than 7, you might want to change 
resistor R ' D ' on U2 until you get close to 
but not more than 9 volts. Then pick an 
appropriate capacitor for C 'C ' from table 
2. 

By keeping the voltage close to 9 Vdc 
maximum dynamic range will be obtained 
for limiterless linear operation. If the 
voltage at test point 3 is allowed to 
exceed 9 volts, the input to U4 could 
(with R T T Y being received) go higher 

than 4.5 volts and possibly damage U4, as 
the maximum differential input voltage 
for a 709C op amp is 5.0 volts. 

If the output at test point 3 is around 
8 or 9 volts, then the output at pin 6 of 
U4 should be approximately +10.8 volts. 
This should cause the printer to stay in 
mark. With a signal, the motor should 
have come on within 4 or 5 seconds or 
less; if not, the autostart system is not 
working properly or has not been ad-
justed correctly. 

theory of operation 
automatic printer control. Let's approach 
this from two different aspects. Let's say 
we have been printing an incoming signal; 
just this instant it quit and we are getting 
random noise from the receiver — the 
motor is still running and the receive 
lamp is still on. 

With a random noise input, the voltage 
at test point 2 will vary from one 
moment to the next, but in any event it 
should be less than the 7.5 volts or so you 
had when the signal was present. Thus, 
the fixed bias on the non-inverting input 
of U5 will be greater than that coming to 
pin 2 of U5. (The two 68k resistors, R66 
and R67 reduce the voltage at test point 
2 to one-half so that the 5.0 volt input 
limit of U5 will not be exceeded.) Thus 
U5 is now controlled by the voltage at 
pin 3, and the output is approximately 
+11 volts. This is passed by CR27 and 
charges the 350 juF capacitor C21 
through R61. 

Since C21 is in parallel with a resistor 
network, the capacitor takes 0.8 to 1.0 
second to charge. As it charges, the 
voltage at terminal 3 of U6 rises to about 
4.7 volts. As it goes above the 2.2 volt 
fixed bias level on pin 2, it takes charge 
of U6, which then flips to positive output 
of about +11 volts. This is blocked by 
CR25 but passed by CR24, and applied 
to the standby line, which causes Q1 to 
conduct and puts the printer into mark-
hold. 

At the same time, the 20-juF capacitor 
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table i . Dc voltage measurements in t h e S T - 6 R T T Y demodulator. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Op A m p U1 
mark signal 

7.8 
0 
0 

-11.8 
-11.4 

7.7 V a c 
11,8 

9.4 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Op A m p U2 
mark signal 

8.2 
0 
0 

-11.9 
-11.4 

8.4 
11.9 

8.7 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Op A m p U 3 
mark 

8.2 
8.5 
8.5 

•11.9 
-11.5 

8.5 
11.9 

8.5 

space 

-8.5 
-8.5 

-8.5 

O p A m p U 4 Op A m p US Op A m p U S 
mark signal signal no signal signal no signal 

2. 0 1 . 7.4 8.2 1 . 7.5 8.1 
3. 2.0 2. 3.9 0 2. 2.2 2.2 
6. 11.0 3. 3.4 3.4 3. 0 4.7 

4 . -11.8 -11.8 4. -11.9 -11.9 
5. -11.0 -11.9 5. -10.8 -11.9 
6. -10.8 11.4 6. -10.8 10.8 
7. 11.8 11.8 7. 11.9 11.9 
8. 11.5 7.8 8. 11.4 7.7 

O p A m p U7 Q1 Q2 
mark space mark space S 3 on S 3 Off 

1. 7.5 8.1 B 0.6 -0.7 B 11.3 12.0 
2. 2.3 2.3 E 0 0 E 12.0 12.0 
3. 0 4.2 C 1.0 170 C 11.9 0 
4. -11.9 -11.9 
5. -11.9 -11.9 
6. -10.8 10.8 
7. 11.9 11.9 Q3 
8. 11.5 11.5 signal no signal 

B •10.3 0 
E -9.5 0 
C •12.0 -12.0 

Q4 Q5 Q6 Q7 
signal no signal signal no signal signal no signal mark spacc 

B -0.7 0 B -11.3 -12.0 B -11.9 -11.3 B 0.7 -0.7 
E 0 0 E -12.0 -12.0 E -12.0 -12.0 E 0 0 
C -0.03 -12.0 C -11.8 + 10.2 C +12.0 -11.8 C 0.05 9.3 

Test point 2: Mark signal, 1 70 shift discriminator 7.8 V d c ; input to S T - 4 disconnected. O volts. 

C20 no longer has any voltage to keep it 
charged, so its 9- to 10-volt charge starts 
to bleed off sJowly. When it has dropped 
to less than -0.6 or -0.7 volts, Q3, Q4 
and Q5 stop conducting, causing the relay 
to open and the motor to turn off. 

At this time Q6 oonducts, pulling 

about the same current through the 
500-ohm resistor R47 that the relay had 
been pulling through Q5. Thus the drain 
on the power supply remains rather con-
stant, and better regulation is possible. In 
fact, at the time this particular part of the 
circuit was developed I had not intended 
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table 2. Correct values of C ' C ' for different 
values of R'D* (see fig. S, reference 1). Resistor 
R ' D ' is chosen for 9 volts at test point 3 with a 
mark input (see text for discussion). 

R ' D ' C ' C ' 

300k .018 JUF 
270k .02 JUF 
240k .022 JUF 
220k .025 JUF 
200k .027 /JF 
180k .03 
160k .033 JUF 

to use any type of regulation in the 
power supply at all. 

For the next configuration we have 
the motor off, and there is no signal. Now 
we suddenly get a signal into the ST-6. 
The voltage at test point 2 goes to 
approximately 7.5 volts. This becomes 
around 3.8 volts at pin 2 of U5 and as 
this is somewhat more than the fixed bias 
(3.2 volts) at pin 3, the output switches 
from +11 volts to -11 volts. (Pin 2 is 
called the "inverting input," and a positive 
signal becomes negative at the output.) 
This voltage is blocked by CR27, so the 
350-juF capacitor C21 starts to bleed off 
through R59 and R60. 

As the voltage at pin 3 falls lower than 
about 2.2 volts, the fixed bias on pin 2 
takes over, and the output of U6 flips 
from positive to negative output. This is 
blocked by CR24, so now the standby 
system is removed and the printer is free 
to follow the incoming signal. At the 
same time the negative output of U6 is 
passed by CR25, so the 20-/xF capacitor 
C20 is quickly charged through the cur-
rent-limiting resistor R55. 

As this happens, Q3, Q4 and Q5 all 
conduct, closing the relay and turning the 
motor on. This causes Q6 to stop con-
ducting, so again the current in this part 
of the circuit is similar to what it had 
been when the relay was not being used. 

At this point it is worthwhile to 
mention how the circuit could be 
changed to a "fail-safe" type. The relay 
could be placed in the collector of Q6, 
and resistor R47 would then be in the 

collector circuit of Q5. The relay would 
be activated any time the motor was 
supposed to be off (the back contacts on 
the relay would be used for the motor), 
and if the relay or any part of the ST-6 
failed, the motor would come on auto-
matically. However, with solid-state cir-
cuits there is not too much reason to 
worry about a fail-safe system. 

fast-slow switch. This consists of a 
150-/uF capacitor C22 in series with the 
350-juF C21. The total capacitance in 
"fast" then becomes about 85 juF, and 
the circuit responds in about one-fourth 
the normal time, making attended fast-
break operation possible, yet retaining 
the features of automatic printer control. 
Switch section S4B operates at the same 
time to keep the motor running. This 
type of circuit is not suitable for unat-
tended operation due to the short time 
constants. 

anti-space. This circuit is quite interesting, 
and some knowledge of how it works is 
beneficial. Basically it puts the printer 
back to markhold if the input signal goes 
to space for longer than a normal R T T Y 
character. This also prevents the autostart 
from activating if a signal appears in the 
space channel. Therefore, if a station is 
playing around with his shift and going 
between mark and space, your machine 
will not run open. 

With a mark signal a positive voltage 
will appear at the output of U4, causing 
Q7 to conduct. Its collector then goes to 
less than 0.2 volts, effectively short-cir-
cuiting the 10-juF capacitor C19. The 
330-ohm resistor R40 is there to limit 
current through the transistor as it sud-
denly shorts this capacitor. The voltage at 
pin 3 of U7 now becomes approximately 
0.1 volt or less, and the 2.5 volts fixed 
bias on pin 2 takes over, putting negative 
voltage out of U7. This is blocked by 
CR21 and CR22, so nothing at all 
happens. 

With a space signal the output of U4 
negative, so Q7 stops conducting and is 
biased off, the voltage held to -0.7 by the 
protective diode CR20 in its base. The 10-
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juF capacitor is now charged to about 9 
volts. This becomes about 4.0 at pin 3 of 
U7 as the network is provided to keep 
this less than the 5.0 volts maximum 
allowable input, it will take about a 
quarter-second for the voltage at pin 3 to 
build up more thai the 2.5 volts fixed 
bias on pin 3. When it does, U7 flips to 
positive output, and the voltage is passed 
by both CR21 and CR22. CR21 goes to 
the standby line, and puts the printer into 
markhold. At the same time the voltage 
through CR22 goes to the automatic 
printer control line and starts to charge 
up the 350-/uF capacitor C21. This will 
take 0.8 to 1 second, putting the system 
into "autostart off." 

As this happens much faster than the 
incoming signal could discharge that ca-
pacitor, the motor would never turn on 
should an incoming space signal be re-
ceived, and if a signal suddenly goes to 
space after printing authentic RTTY, the 
autostart would soon be disabled, and 20 
to 30 seconds later the motor would turn 
off. The anti-space works equally well 
whether the limiter or autostart are on or 
off, or whether the incoming signal is 
being "straddle-tuned" due to incorrect 
shift. 

No provisions were provided to disable 
the anti-space. However, if you need this 
feature for any reason, just short the 
collector of Q7 to ground. A switch could 
be permanently added for this purpose, if 
needed. 

fsk output. With nothing connected to 
the J3 keyer jack, the voltage there 
should swing from approximately - 35 
volts on mark to +35 volts on space. 
Without the 12k resistor R31, this voltage 
would be around 70 volts or so, which is 
enough to destroy most germanium 
diodes used in typical fsk circuits. When 
the fsk system is plugged into J3, the 
current on conduction is held to 4 or 5 
mA by the 8.2k resistor R30, offering 
suitable saturation for good keying of the 
transmitter. 

the threshold corrector. I have not said 
much about this circuit, and indeed it is 

complex enough to merit a complete 
article of its own. Perhaps a few words 
will help you understand its operation. If 
a steady mark signal is present, the 
voltage at test point 3 will be about 8.5 
volts. Let's call this 8.0 volts for the time 
being. This voltage would charge C6 and 
also be passed by CR10, eventually going 
through R18, R19 and CR13 to ground. 
Thus, the voltage at the input of the 
normal-reverse switch would be roughly 
4.0 volts. (There is another network in 
the normal-reverse switch which further 
drops this 4.0 volts to 2.0 volts at pin 3 
of U4; this will be explained in a mo-
ment.) 

With steady mark of 8.0 volts, the 
output of the ate section is 4.0 volts and 
the input to U4 is 2.0 volts. If you now 
flipped suddenly to space, you should get 
the same 8.0 volts at test point 3; 
however it would now be -8.0 volts. This 
would be passed by CR11, and on to 
ground through R19, R18 and CR12, 
again putting -4.0 volts at the output of 
the ate system. This negative -8.0 volts 
would also charge C5. 

The interesting thing that happens 
on a quick reversal such as this, however, 
is that the previously charged capacitor 
C6 now discharges, adding another -8.0 
volts to the system, which is reduced to 
4.0 volts by the action of R18 and R19; 
thus you get the -4.0 volts from test 
point 3, plus this capacitor discharge 
voltage of an additional -4.0, making a 
total voltage at the output of the atcc 
system of -8.0 volts. 

With steady input of mark or space, 
you would have half that voltage appear-
ing at the output of the ate circuit, but 
with steady reversals (RTTY characters), 
the voltage on the output would be 
approximately equal to the original input. 
Therefore, the new voltage at the input of 
U4 would be about 4.0 volts. The reason 
for the 220k resistor network now be-
comes more apparent, if you remember 
that the input of U4 cannot safely exceed 
5.0 volts. 

If copying mark-only signals but with 
RTTY reversals, it can be shown that the 
voltage at test point 3 would be roughly 
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+8.0 volts for mark and close to zero 
volts for space if you assume for a 
moment that the system doesn't parti-
cularly respond to noise alone. In this 
case you would have an on-off voltage 
instead of the plus-minus swing previ-
ously mentioned with normal two-chan-
nel RTTY. 

I could show that the voltage at the 
output of the ate would go from +4.0 to 
about -4.0 volts and the voltage at the 
input of U4, instead of being ±4.0 volts 
with normal RTTY, would be ±2.0 volts 
with mark-only RTTY. Since the slicer is 
operated in an open-loop configuration, 
anything more than a few microvolts 
plus-and-minus will cause it to operate 
suitably. The important thing is to keep 
the information properly centered plus-
and-minus, not how much it swings one 
way or the other. 

The ate is a most fascinating circuit, 
and goes a great way in counteracting for 
signals that drift, for shifts that are 
incorrect, and even to some extent, for 
signals that have distortion on them when 
received. 

An important thing most RTTY en-
thusiasts overlook is the diversity effect 
offered by such a system, as it actually 
samples both the mark and the space 
signal and uses either or both to provide 
proper information to the slicer. A sys-
tem such as that used in the ST-6 actually 
offers diversity reception with only one 
antenna, one receiver and one converter. 
At one time commercial stations had to 
go to dual-diversity reception to allow for 
selective fading. This required two an-
tennas, two receivers and two converters 
that fed into a diversity combiner. All 
this duplication was beyond the ability 
of most amateurs (and many commercial 
and military installations as well) so other 
means of improving the signal had to be 
found. The ate represents one of the best 
of such solutions. 

Another system which is much more 
sophisticated but built around the same 
concept is called dtc (decision threshold 
computer) and was patented by Page 
Engineering for use on the Dew-line 
defense system. As long as the limiter is 

used, for all practical purposes ate works 
as well as dtc. With the limiter off, the 
dtc has some advantages, particularly in 
slow hand-speed transmission, but it does 
not work well at all if mark-only 
handsent transmissions are being used. 
(Neither system works well on slow-speed 
space only.) 

Thus, from a practical standpoint ate 
was selected for the ST-6 rather than dtc. 
With the simple linear discriminators used 
in the ST-6 (and most TT/L-2 units), 
limiterless copy has little to offer. You 
also lose stability of tuning indicator 
information, whether using the meter or 
an external scope, and you lose the 
ability to include automatic printer con-
trol. Finally, with low voltage solid-state 
circuits, the dtc is not at all practical in 
the form most amateurs have seen it. 

I did develop a dtc system for 12-volt 
systems, but it took a total of 8 op amps, 
and to be compatible, you would have to 
add active detector circuits that require 
two more op amps. All this seemed too 
stiff a penalty to pay for the occasional 
limiterless operation an individual might 
use. If going to that extra work, then it 
seemed silly to retain simple linear dis-
criminators. As a consequence, the ST-6 
is presented in a form that represents 
excellent performance, with practical 
considerations rather than going for the 
very complex unit that could have been 
designed. As an example, if you were to 
build a really top-of-the-line unit with 
sharp mark and space filters (three 
toroids each) then you would find it 
difficult to use the unit at all if some-
body's shift were off a little bit. As you 
are no doubt aware, few amateurs actu-
ally are within 50 Hz of 850 to start with, 
so practical considerations almost im-
mediately rule out using first-rate filters 
anyway. Other examples could be used to 
show why, with present circumstances, 
you might not want such a unit even if it 
was offered. 

no automatic printer control. While I 
think you ought to build the ST-6 pretty 
much as presented, some people still 
insist they do not need the autostart 
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NEW 
TRI-EX S 

MW 
SERIES 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 9Vz sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

TOWER CORPORATION 
RASMUSSEN AVE, VISALIA, CALIF. 93277 

features. They would probably not want 
the anti-space either in this case, in order 
to save additional construction costs. The 
ST-6 was laid out so that all you need for 
similar performance is a loop supply, a 
±12 volt supply, the U1, U2, U3, U4 and 
Q1 circuitry, and a switch from the 
collector of Q1 to ground for standby. 
That would do it. If that is still more than 
you need for RTTY work, forget the 
ST-6 and build the ST-5 presented in the 
September, 1970 issue of ham radio.2 

summary 
For those of you interested in learning 

more about solid-state circuits, this brief 
review should help. In any event you will 
better understand how the ST-6 works 
and what the various systems are sup-
posed to do. It has taken me about six 
years of development to reach this phase, 
and there were many interesting thoughts 
picked up along the way. I feel the ST-6 
wil l not be obsoteted or antiquated in any 
way for some years to come, although 
some designers may wish to use more 
exotic filters, or newer op amps, or add 
digital logic for autoprint. 

Incidentally, Sel-cal devices3 attach to 
the ST-6 with only a 10k resistor and a 
silicon diode. Since only a few dozen of 
the Selcal units have been built, write to 
me if you need that information. Large, 
easy-to-read schematics are still available 
from me for $1, postpaid anywhere in the 
USA or Canada; add $1 for air mail to 
other areas. Over 400 amateurs have 
requested schematics as of this writing, so 
it seems evident that the ST-6 promises to 
be one of the most popular RTTY de-
modulators of all time. 
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thinking your way through repairs 

The editor sends me a lot of letters from 
fans of the repair bench. Many of them 
ask for help with this or that problem. 
Naturally, I can't answer them all. Yet, 
there should be some way to help you, 
and perhaps what I 'm writing about this 
month will do it. 

Very few hams are professional repair 
technicians. If they were, they'd probably 
get enough of electronics all day long and 
wouldn't fool with it as a hobby. But 
when something goes wrong with your 
gear, even knowing exactly how it's built 
and how it works doesn't always lead you 
to the defect very quickly. At those times 
you probably wish you were a technician 
trained in hunting down electronic faults. 

I can't train you in a few magazine 
pages to be a technician. But I can show 
you a technique used by professionals in 
home-entertainment electronics. 

There's one method that should be 
easy to learn. It's called 1-2-3-4 Servicing. 
It was originated by Forest H. Belt in 
some books published by Howard W. 
Sams & Co. Although the books are not 
about ham gear, I could see immediately 
how easily the method applies to any 
kind of electronics. So here's how 1-2-3-4 
Servicing can be applied to equipment on 
your ham repair bench. 

thinking in sections 

The important thing about 1-2-3-4 
Servicing is the way you think. You have 
to think of electronic equipment in an 
orderly fashion. For that purpose, all 
electronic devices are split up into four 
logical divisions. They are sections, stages, 
circuits, and parts. 

First, you think sections. Take a ham 
receiver, for example. It has an rf section, 
i-f section, audio section, and power 
supply section. These are sketched for 
you in fig. 1. You might be tempted to 
break it down further, but these are the 
breakdowns you use for 1-2-3-4 Servicing. 

A transmitter divides up into the 
speech or audio section, rf generating 
section, modulated rf section, rf power 
section, and power supply section. If the 
transmitter is ssb, there is also a fre-
quency-change section. Transmitter sec-
tions are illustrated in fig. 1, too, and the 
comparison with the sections of a receiver 
may help you see what sections really are. 

The distinction that identifies a sec-
tion is simple: A section handles only one 
kind of signal. 

In a receiver, for example, the rf 
section handles incoming stations. The i-f 
section amplifies the station signal only 
after it has been heterodyned down to 
the intermediate frequency of the re-
ceiver. The audio section handles voice 
signals alone, after they have been de-
modulated from the i-f signal. 

In a transmitter, as long as audio 
(voice or speech) is by itself the audio 
section handles it. The rf signal, as long as 
it's alone, is in the rf-generating section. 
Once modulated, the signal is handled by 
a different section. If the transmitter is 
ssb, a frequency-changing section takes 
the modulated signal and changes its 
frequency to the transmitting frequency. 
Once the modulated signal is at the 
output frequency, an rf power section 
boosts it. 

That's how you can identify sections 
in any kind of electronic gear. When the 
signal changes character, consider it as 
going into a different section. 
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stage by stage 
The second division you think of for 

1-2-3-4 Servicing is stages. Sections are 
divided into stages. 

For example, the rf section of a ham 
receiver has at least three stages. They're 
shown in fig. 2A. There may be more 
than one rf amplifier stage. A stage 
usually comprises one tube or one tran-
sistor and the parts that go with it. A 
stage either generates or amplifies or 

interfaces the rf section to the i-f section. 
The stage that creates the character 
change in the signal is an interface stage. 

The detector or demodulator follow-
ing the i-f amplifier stages is an interface 
stage. It extracts the voice signal that is 
part of the i-f signal. Once demodulation 
takes place, there is no more i-f sig-
nal — only the voice or audio signal. So 
the detector stage interfaces the i-f sec-
tion to the audio section. Amplifier stages 

RECEIVEft 

A M WAnSMfTTER 

m « 338 
TRANSMITTER 

POWER 
SUPPLY 

SECTION 

fig. 1. Sectionallzlng ham equipment helps track down faults. Sections of different kinds of 
equipment are amazingly a l i ke— i f you learn the sections of one it's easy to divide up other 
electronic gear in this way. 

alters a signal. 
Inside this rf section, the oscillator 

stage produces a plain rf signal. The rf 
amp gives a boost to the signal picked up 
by the antenna {which can also be con-
sidered a stage). Both signals go to the 
mixer. That stage changes the character 
of the rf signals, mixing them together 
and coming up with a signal at some 
intermediate frequency (their difference). 

The i-f signal still has the station 
modulation that was on the rf signal. But 
the character of the signal has changed. It 
takes a different kind of stage to handle 
it. So the mixer stage has introduced the 
signal from the rf section into the i-f 
section. 

The mixer stage, though officially part 
of the rf section, is an interface stage. It 

in the audio section handle only audio 
signals. 

If you want to carry the idea further, 
the speaker is a stage of the audio section. 
Actually, it's an interface stage between 
the audio section and the air. It converts 
the electronic audio signal into audible 
sound waves. That's what any interface 
stage does: change the nature of the 
signal between two sections. 

A n interface stage is always considered 
part of the section preceding. Sometimes 
it takes signals from more than one stage, 
as the mixer does in the rf section of a 
receiver. 

Or, a stage may interface more than 
two sections. Fig. 2B has an example of 
this. This is the stage-by-stage division of 
an ssb transmitter. Stages are grouped 
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o 

AUDIO SECTION 

RF GENERATING SECTION 

fig. 2. Sections divided into stages. For troubleshooting your work is cut down tremendously if you 
only have to test the stages in one section. 

into sections so you can see the relation-
ships. The voice section and rf-generating 
section are interfaced with the first fre-
quency-change section by the modulator 
stage. 

The voice section has two stages. The 
rf generator section (which can be called 
the carrier section in an ssb transmitter) 
also has two: the carrier oscillator and the 
modulator. It's customary to consider the 
modulator as an rf stage rather than a 
voice or audio stage, even though it 
involves both kinds of signals. The modu-
lator takes the two signals and transforms 
them into a modulated rf signal. That 
calls for a different section, so the modu-
lator is an interface stage. 

The first converter stage interfaces the 
first frequency-change section to the 
second. This ssb transmitter uses double 
conversion to arrive at the output fre-

quency. The amplifier stage in the second 
frequency-change section is called an i-f 
amp. (In a few transceivers, it's the same 
i-f amp used during receiving.) 

The modulated i-f signal goes to the 
second converter, the interface stage be-
tween the second frequency-change sec-
tion and the rf power section. A second 
conversion oscillator stage furnishes the 
unmodulated signal for conversion. The 
output of the second converter is a 
modulated rf signal at the output fre-
quency. 

All that remains is to amplify the 
output signal to full output power of the 
transmitter and feed it to the antenna. 
The rf power amps and antenna are stages 
of the rf power section. 

what a circuit really is 

That should give you a good idea how 
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fig. 3. Identifying circuits in tube and transistor stages. Among circuit not shown here are feedback 
circuits (such as in an oscillator) and power-supply decoupling circuits (which aren't always drawn 
on schematics). 

to think in sections and stages. Be sure 
you understand these divisions, because 
they're important in applying 1-2-3-4 
Servicing. 

The third logical division of electronic 
e q u i p m e n t is the circuit Many 
hams — and a lot of technicians, 
too — think of circuits as being the things 
just described as stages. That's confusing. 
Actually, stages are made up of circuits. 

Remember, a stage is a tube or tran-
sistor and the parts that go with it. Those 
parts are connected into circuits. There's 
an input circuit and an output circuit; a 
grid circuit, plate circuit, cathode circuit, 
and perhaps a screen circuit; a base 
circuit, emitter circuit, and collector 

circuit; there may be a feedback circuit, a 
tuned circuit, and so on. Any given tube 
or transistor stage has several circuits. 

What you name the circuits depends 
on how you're considering the stage. For 
example, the tube and transistor stages in 
fig. 3 have both dc and signal circuits 
identified for you. Solid arrows are for 
dc, and dashed arrows for signals. 

The input circuit in both stages is C1 
and R1. C1 is the input coupling capaci-
tor, R1 the input load. 

The output circuit for the tube is T1, 
C4, and C3. T1 and C4 are a tuned circuit 
that is the main load, and C3 is the load 
decoupling or bypass part of the circuit. 

A t the same time, the plate dc circuit 
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includes the primary winding of T1. The 
whole plate dc circuit is through R3 and 
T1. Thus some components must be 
involved in your thinking for more than 
one circuit. 

Indeed, some components are in more 
than one circuit. Resistor R3, for in-
stance, is in the screen dc circuit as well 
as in the plate dc circuit. In trouble-
shooting, you'd naturally expect a bad 
R3 to affect both dc circuits. And it 
would. 

By the same token, R1 in the tran-
sistor stage is part of the input circuit for 
signals. Yet, at the same time it's part of 
the base dc circuit; it's part of divider 
R1-R2 which sets base bias. Resistor R4 
is the output load, and is also in the dc 
collector circuit. 

Two bypass or decoupling circuits are 
invisible in fig. 3B. Anytime a B-plus or 
B-minus connection is shown in a sche-
matic, you must remember that it in-
cludes a filter capacitor, which is usually 
in the power supply. But it is part of the 
signal circuit of any stage fed from that 
leg or branch of the power supply. 

When troubleshooting, don't ignore 
this bypass circuit. In fig. 3B a filter 
capacitor is part of the output load 
circuit, forming the ground return for 
signal at the bottom of R4. The bypass 
capacitor at the B-minus end of R2 makes 
R2 a part of the input load, in parallel 
with R1. 
what makes up a circuit? 

Of course the answer to that question 
is parts. You've already seen that, in my 
description of what a circuit is. And parts 
are the fourth division of electronic 
equipment. 

One secret of 1-2-3-4 Servicing is this 
manner of thinking. You consider all 
electronic equipment in terms of these 
four divisions. You think of a receiver or 
transmitter as divided into sections. The 
sections, you think of as divided into 
stages. Stages are in turn divided into 
circuits, and those are divided into 
individual parts. 

The four steps of thinking are, 
therefore: sections, stages, circuits, and 
parts. 

Once you've learned to think of your 
ham gear as made up of sections, stages, 
circuits, and parts, you can use those 
divisions in an exceptionally logical way 
when trouble occurs. Here's how the 
1-2-3-4 Servicing method works. 

The first step is diagnosis. You diag-
nose which section of the faulty instru-
ment has the trouble in it. There are three 
main helps to diagnosis. 

One is to know the equipment. Be 
familiar with it. Study the schematic and 
read the instruction manual. Read books 
about it. Gain knowledge of it through 
experience. Once you're familiar with a 
receiver or transmitter, you know what 
sections it has. That aids diagnosis. For 
example, if a transmitter puts out rf, but 
not modulated, you know the trouble 
must be in the voice section. 

Another approach to diagnosis is in-
spection. Look inside the unit. Listen to a 
receiver. Or listen to the relays of a 
transmitter. Or listen for some unnatural 
sound like a resistor or transformer frying 
or something arcing. Sniff, and sometimes 
touch — perhaps to sense overheating. In 
other words, use your senses to inspect 
the unit. They may help you diagnose 
which section has trouble. 

And of course you diagnose by ob-
serving symptoms. Is the unit completely 
dead? Does some portion of it work? 
Some one function not work right? Do 
the operating controls work as they're 
supposed to? How about service adjust-
ments? Such analysis of symptoms can 
point strongly to which section of a 
transmitter or receiver is bad. 

the second step 

Once you diagnose the faulty section, 
your next step is to locate the defective 
stage. Since you already know the faulty 
section, you have only a few stages to 
check. Instead of checking a whole set-
full of stages, you check only two or 
three — those in the section you diag-
nosed. 

You might locate the faulty stage by 
observing symptoms, or by noticing how 
certain controls react. But more likely 
you'll use instruments. 
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You already know there are two ways 
to look at stages. They are dc-operated, 
and they handle signals. You can test 
them for either kind of operation. You 
can inject a signal at the input of a stage 
and see how it travels through the re-
mainder of the set. Or, you can use a 
tracer to see how far a signal gets, to see 
what stage stops it or distorts it or 
somehow fouls it up. 

Or, you can measure dc voltages on 
stages in the section you've diagnosed as 
faulty. If you find a stage with dc 
voltages upset, you've located the faulty 
one. (One thing about this: if several 
transistor stages are dc coupled, the first 
one you measure may not be the truly 
bad one. You may have to "inject" dc 
voltages at strategic points to find out 
which stage is causing the trouble. 

isolating the circuit 

The third step of 1-2-3-4 Servicing is 
isolating the defective circuit. You may 
have done it already with some of your 
locating procedures. 

For example, you may have traced a 
signal in a receiver as far as the collector 
of one stage but find it missing at the 
base of the next. You've located the 
faulty stage or stages; but, what's more, 
you've also isolated the faulty circuit. It's 
the circuit between the collector of one 
stage and the base of the next. That can 
only be the coupling circuit. 

But even if you have no idea what 
circuit is bad, you have only a few to test. 
That's because you've eliminated those in 
other stages and sections by the first two 
steps. You now have to test only the 
circuits in one or at most two stages. 

Signal tracing or injection both work 
for input, output, and coupling circuits. 
You can try adjusting tuned circuits; if 
they don't respond, they must be faulty. 
You can put a signal across decoupling 
and bypass circuits; the signal should be 
almost wiped out. Or, you can measure 
signal across them; it should be near zero. 

You can use dc voltage tests. In a tube 
stage, you measure voltages in the plate, 
screen, grid, and cathode circuits. Keep in 
mind as you do that the grid affects all 

table 1. Basic steps to thinking 1-2-3-4 in ser-
vicing electronic equipment. 

step action division 
1 diagnose sections 

2 locate stages 

3 isolate circuits 

4 pinpoint parts 

those others. If the voltages all are wrong, 
check for a problem in the grid circuit. 

In a transistor stage, the collector, 
base, and emitter dc circuits are the ones 
to check voltages in. Remember that the 
base controls collector voltage through its 
influence on current through the tran-
sistor. 

If the transistor is a field-effect type, 
the voltages to measure are at the drain, 
the source, and the gate. The gate affects 
the drain voltage through its control on 
current through the channel. 

pinning down trouble 

The fourth and final step in 1-2-3-4 
Servicing is pinpointing the faulty part. 
The job has by now been simplified 
almost to the point of no effort. Once 
you have the faulty circuit isolated, there 
are very few parts to think about. Even if 
you aren't sure which of two circuits is 
bad, the number of parts is small. 

You can extend the tests you used in 
step three. You can make signal and dc 
tests that pinpoint the faulty part. You 
may have already done so during step 
three. For example, when you isolated 
the faulty coupling circuit, there's only 
one part so it's the bad one. That happens 
with other circuits, too. 

But there are so few parts involved in 
this final step of 1-2-3-4 Servicing, you 
can freely succumb to individual parts 
tests. You've gained so much efficiency 
through the first three steps, this may be 
the quickest way to finish up. You can 
test most parts with your voltmeter or 
ohmmeter. (If you don't know how, I can 
tell you in a later repair bench.) Or, if 
you have a resistor-capacitor tester, a 
transistor tester, etc., use them. 

Another fast way to test ordinary 
parts is by substitution. You can proba-
bly find what you need in your junk box. 
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table 2. Steps for 1-2-3-4 servicing. 

DIAGNOSE A. Know the equipment 
(section) 

B. Inspect 
— Inside and out 
— Off and operating 

C. Observe symptoms 

1. The schematic 
2. Instruction manuals 
3. Experience 
4. Study books 

1. Look 
2. Listen 
3. Smell 
4. Feel 

1. Dead? 
2. Works in part? 
3. Operating controls? 
4. Service adjustments? 

LOCATE 
(stage) 

A. Observe symptoms 

B. Signal tests 

C. Voltage tests 

2. Dead or operating poorly 
Z. Controls and adjustments 

1. Inject ion 
— Signal generators 
— Finger (tubes only) 
— From similar set 

Z. Tracing 
— Oscilloscope 
— Vtvm and probe 
— Signal tracer 

ISOLATE 
(circuit) 

A. Signal tests 

B. Oc voltage tests 

1. Input circuit 
2. Output circuit 
3. Bypass circuits 
4. Tuned circuits 
5. Feedback circuits 

1. Tube 
— Plate Gr id 
— Screen affects 
— Cathode these 
— Grid 

2. Bipolar transistor 
— Collector 
— Base 
— Emit ter 

3. Field-effect transistor 
— Drain 
— Gate 
— Source 

PINPOINT 
(part) 

A. Signal tests 
(parts in signal 

circuits) 

B. Dc voltage tests 

C. Individual parts tests 

1. Tracing 
2. in ject ion 

1, in-line voltage tests 
(Use Ohm's and Kirchhoff 's laws) 

2, Tests in nearby circuits 
(For parts connected between) 

3, Remember interaction 
— Grid affects plate, screen, cathode 
— Base affects collector and emitter 
— Gate affects drain and source 

1. With special testers 
2, With volts and ohms tests 

D. Substi tut ion (L imi t to common, Inexpensive parts) 
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Or, some manufacturers make substitu-
tion testers (fig. 4) that include capacitors 
and resistors of many values, some 
diodes, some electrolytics, and so on. 
Except for expensive parts, substitution is 
a good bet, even if you have to keep a 
small stock of typical values. 

the whole process and the means by 
which you can accomplish it. With it, you 
can apply 1-2-3-4 Servicing to any piece 
of ham gear you own. 

next time . . . 

Speaking of letters from you readers, 

fig. 4. Commercially built parts substitutor saves carrying an inventory of small parts for test 
purposes. 

summing up 

Now you can understand the chart in 
table 1. If you looked at it before reading 
how to apply 1-2-3-4 Servicing, it may 
not have made much sense. But it sum-
marizes the steps of 1-2-3-4 Servicing as 
you apply them to troubles in your own 
equipment. 

There's nothing mysterious about this 
method. If you're really efficient at find-
ing trouble that occurs in your gear, you 
probably already use some version of this 
technique. If not, however, this logical 
approach can make troubleshooting easier 
than you ever thought possible. 

To jog your memory for the method 
and how to apply it, you may want to cut 
out or copy the more complete chart in 
table 2. It gives you a thorough outline of 

I've really got a lot of them about using a 
sweep generator down in the low fre-
quencies. In the very next repair bench 
I'll tell you how. 

To get ready for it, I suggest you go 
back and review the earlier one about 
using a sweep generator and scope. I 
won't repeat much of the general infor-
mation that tells how to set up the 
generator and scope for sweep alignment. 
That way, I spend most of my next repair 
bench explaining the techniques of 
sweeping at low frequencies and how to 
make use of it. 

(Which all reminds me to remind you: 
If you have any other special ham repair 
problems you want covered in this de-
partment, it takes a letter to let me 
know.) 

ham radio 
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adding 

incremental tuning 
to your 

transceiver 

This simple 

varactor-controlied 

circuit can be added 

to any transceiver 

to provide 

the operating benefits 

of incremental tuning 
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There you are, sitting on 14040 kHz with 
your transceiver humming. You're wait-
ing for a call from VU2JN, along with 
six-dozen other guys in the pileup. He's 
working them 2-kHz down from his 
transmitting frequency, and your dial 
hand has muscle fatigue from cranking 
back and forth — move down 2, give him 
a quick call, back up 2, listen . . . down 
again and caJI, etc. What you need is 
receiver incremental tuning; no problem 
with the little circuit shown here. 

incremental tuning 
What you want is a system where you 

can set your main tuning diai and leave it; 
then, by using an independent control, be 
able to vary operating frequency slightly 
to either side of the main-dial setting, 
either while receiving only (R1T), while 
transmitting only (ITT), or while both 
transmitting and receiving (IRTT). With 
these added features you can check the 
band around your main frequency, and 
return to the original frequency with the 
snap of a switch. If you want, you can 
move your QSO off a busy channel 
without losing the original channel set-
ting, or listen to two QSOs without 
touching the main tuning dial. In fact, 
you can do all the things only the more 
expensive transceivers allow for. 

Let's look at what is involved as far as 
including incremental tuning in your 
transceiver. A typical oscillator tank cir-
cuit is shown in fig. 1. After L1 and C1 
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have been set for the desired frequency 
limits of the oscillator, capacitor C2 is 
used to adjust output frequency. There-
fore, C2, which is connected to the main 
tuning dial, is used to control the re-
ceiving and transmitting frequency of the 
transceiver. 

incremental tuning circuits 
If you put a small variable capacitor 

(typically 10 pF) across the tank circuit 
as shown by the dotted lines in fig. 1 
(C3), set this additional capacitor at half 
mesh, and adjust the oscillator for the 
proper frequency limits, the circuit would 
operate exactly as before, with one ex-
ception: after setting the main tuning 
dial, the operating frequency could be 
varied slightly to either side of the main 
dial setting with C3. When C3 was re-
turned to the half-mesh position, the 
operating frequency would be restored to 
the main-dial setting. 

would be the same as an extra band set 
capacitor, However, the effect on fre-
quency change would be far too great. 

This small problem can be solved by 
placing the varactor in series with a small 
trimmer capacitor as shown in fig. 2. The 
trimmer capacitor is then used to control 
the amount of effect diode capacitance 
has on oscillator frequency. If you use a 
10-pF trimmer, and a 200-pF varactor, 
the maximum capacitance added to the 
tank circuit can be no greater than 10 pF. 

RFC 

fig. 2. Varactor diode in place of C3 
in fig. 1 provides practical means of 
obtaining incremental tuning. 
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fig. 1. Simple, though impractical, incremental-
tuning scheme uses added trimmer capacitor C3 
across the vfo tank circuit. 

However, although this is a simple way 
of obtaining incremental tuning, it is 
impractical. The same job can be done 
much more conveniently with a variable-
capacitance diode or varactor. The 
varactor diode Is essentially a variable 
capacitor that is controlled by a dc 
voltage instead of a rotating mechanical 
shaft. The capacitance range of these 
diodes, when operated over their rated 
voltage range, can be greater than 100 pF. 
If a 100-pF varactor was installed across 
the oscillator tank circuit, the result 

transceiver modification 
To incorporate incremental tuning in 

your own transceiver, locate the band-
spread and bandset tuning capacitors. 
Then install the varactor diode, trimmer 
capacitor and rf choke as shown in fig. 2. 
Make sure the new components are 
mechanically rigid — you don't want to 
add instability to your transceiver's out-
put frequency. 

When soldering the diode into the 
circuit, protect it with heat sinks on the 
leads. Also, when installing the diode, 
make sure the anode of the varactor is 
grounded; the device must be reverse 
biased to operate correctly. The cathode 
end of the diode is usually marked with a 
white ring. 

When all the components have been 
installed and checked, adjust the varactor 
bias voltage slightly more negative than 
the center of the recommended operating 
voltage range. This will lower the oscil-
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Jator frequency slightly, so you must 
adjust the bandset capacitor to re-estab-
lish main dial calibration. Do not touch 
the oscillator coil. 

change of frequency with rotation; use a 
high-quality potentiometer to eliminate 
problems with noise and frequency in-
stability. 

HI HZ IS* 100 

fig. 3. Complete incremental tuning circuit, at added to a S.O to S.5 MHz vfo. Resistors R t and R2 
must be calculated for proper voltage drops If B+ is greater than 12 volts. Relay K1 is shown in the 
receive position; it must be switched with the antenna-change-over relay. With $1 in position 1, 
incremental tuning is off; position two, receiver incremental tuning; position three, transmitter 
incremental tuning; position four, receiver and transmitter incremental tuning. 

The varactor's change of capacitance 
with voltage is not a linear function, so 
the "mid-point voltage" must be on the 
low side of the diode's voltage range 
rnid-point, i. e., 4 volts for a zero to 
10-volt varactor. Also, since the mid-
point voltage of the varactor is used as a 
reference level for re-calibrating your 
main tuning dial, the bias source should 
be zener regulated as shown in fig. 3. This 
is especially important, because any 
change in transceiver operating voltages 
will effect the output frequency. 

The complete incremental-tuning cir-
cuit, with all regulation and control cir-
cuits, is shown in fig. 3. This is the circuit 
for a 5.0 to 5.5 MHz solid-state oscillator 
that I used to test this incremental tuning 
scheme. The potentiometer in the circuit 
should be a linear type to provide a linear 

alignment 
Vary the varactor bias voltage across 

its full range and see how much frequency 
variation you get. A total of 10 kHz is 
ideal. If you get too much variation, 
decrease the series trimmer capacitance; if 
you don't have enough variation, increase 
trimmer capacitance. Each time you 
change the trimmer setting you must 
reset main-dial calibration with the band-
set capacitor. 

By alternately adjusting the trimmer 
and bandset capacitors, you can obtain 
the amount of incremental tuning you 
want, while retaining main-dial calibra-
tion. A digital frequency counter makes 
this adjustment very easy, but a BC-221 
or external calibrated vfo will work as 
well. 

ham radio 
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measurement of 
electrolytic capacitors 

Recently I had occasion to measure 
the value of an electrolytic capacitor. 
Since test equipment was not available, I 
devised a simple method using a resistor, 
a voltmeter and a stop watch. The 
capacitor was connected as shown in fig. 
1. 

The switch should remain closed for 
several minutes before making the meas-
urement. This permits the electrolytic to 
form and stabilize. This is particularly 
important if the capacitor has been out of 
use for a long time. Resistor R1 is 
included in the circuit to limit the initial 
surge in charging current; its value can be 
on the order of 1000 to 5000 ohms. 

When the switch is closed, read the 
voltmeter. Make a note of this reading 
(VB)- NOW, mark the voltmeter at half 
this reading. This can be done by simply 
laying a strip of paper over the voltmeter 
scale at the 0.5VB point. With a stop 
watch or watch with a sweep second 
hand, starting with the instant the switch 
is opened, measure the time required for 
the voltage to drop to the 0.5VB point. 
Resistor R2 should be adjusted to pro-
duce a discharge time in excess of 30 

seconds; this increases accuracy since it 
permits easier timing. 

fig. 1. Circuit for determining capacitance of 
electrolytic capacitors. After measuring dis-
charge time as discussed In text, capacitance 
can be found from nomograph in fig. 2. 

The value of the capacitor can be 
calculated from the following equation 

C = 1.44 (t/R) (1) 

where t is in seconds, R in megohms, and 
C in microfarads (see fig. 2). The value of 
R in eq. 1 is the parallel equivalent of R2 
and R|yj, the internal resistance of the 
meter (eq. 2}, 

R = R 2 R M (2) 
R 2 + Rm 

The resistance of a voltmeter is usually 
given in terms of "ohms per volt." If, for 
example, your voltmeter is rated at 
20,000 ohms per volt, when set on the 
100-volt scale R(vt is 2 megohms (100 
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volts x 20,000 ohms = 2 megohms). Since 
R2 may be on the order of 1 megohm, 
voltmeter resistance cannot be neglected 
if you want accurate results. 
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fig. 2. Nomograph for determining 
capacitance of electrolytic capacitors 
using method discussed in text. 

Although this method of measuring 
capacitance can be used with any type of 
capacitor, on small-value units it's diffi-
cult to measure discharge time accurately 
enough to obtain meaningful results. 

Edwin L. Clark, W2NA 

blower maintenance 
Many items of electronic equipment 

have blowers that move air across heat-
generating components. The squirrel-cage 
blower seems to be popular in trans-
mitters and transceivers, probably be-
cause these blowers are relatively quiet. 
Over a period of time, however, dirt 
builds up on the impeller in squirrel-cage 
blowers. Blower efficiency can gradually 
deteriorate without your being aware of 
it if dirt is allowed to accumulate. The 
result can be disastrous, especially if the 

blower is used to cool high-power trans-
mitting tubes. 

One remedy is to inspect the blower 
periodically and remove the impeller to 
give it a good cleaning. This usually 
involves considerable work, especially if 
the blower is located in an inaccessible 
place. Here's an effective preventive main-
tenance measure that not only keeps dirt 
buildup to a minimum, but eliminates the 
chore of removing the blower impeller for 
cleaning. 

The intake port for the blower on my 
transceiver, a National NCX1000, is on 
the rear of the cabinet and flush with the 
vertical surface of the rear wall. After 
several hours of operation, I noticed that 
the blower impeller vanes were loaded 
with dirt. I used an old toothbrush to 
remove most of the grime, but it was 
necessary to remove the impeller from 
the blower to do a good cleaning job. 

The answer to the problem consisted 
of a filter made from a piece of poly-
urethane foam about %-inch thick, which 
I cut to cover the blower intake port. 
Poly foam is available at retail sources 
that supply material for do-it-yourself 
furniture makers. It's used for filling seat 
cushions, and is available in several thick-
nesses. I secured the filter over the blower 
intake port with masking tape so it could 
be removed easily for cleaning. 

Some types of poly foam have a more 
dense structure than others, so it's a good 
idea to test the filter before taping it into 
place. If the blower speed decreases ap-
preciably, the foam is either too dense or 
too thick. A little experimentation will 
produce the right combination for effec-
tive filtering consistent with maximum 
blower efficiency. 

I checked my blower and filter after 
about 90 hours of operation. The outside 
of the filter was coated with a rather 
thick deposit of dirt, but the impeller and 
blower housing were spotless. It was a 
simple job to remove the foam filter and 
wash it in warm water and detergent. The 
entire operation took about ten minutes, 
and the filter can be used indefinitely. 

Alf Wilson, W6NIF 
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binding 1970 issues 
of ham radio 

Many readers make their copies of 
ham radio into a bound volume each 
year. They will perhaps be surprised to 
note that the January and February 1970 
issues are a little larger (8V2 x 9M- inches} 
than from March 1970 on ( 6 - 1 / 8 x 9 - 1 / 8 
inches). 

Fortunately, there is no real problem. 
The actual printed portion of each page 
was left unchanged when the page size 
was reduced. The borders were merely 
narrowed. Thus, it is an easy matter to 
have a local printer retrim the two early 
issues to the new size and proceed with 

When a filter reactor or resistor is used 
in a conventional filter, both negative and 
positive excursions of the ripple voltage 
at the first capacitor are transferred to a 
degree to the second filter capacitor, and 
hence, to the load. Filtering may be 
improved by replacing the filter reactor 
or resistor with a garden variety power 
diode, 0 1 , as shown in fig. 3. In this 
application D1 performs a gating func-
tion, allowing only the positive ripple 
components to reach C2, resulting in 
smoother filtering. If a heat-producing 
series resistor is replaced with the diode, 
cooler supply operation will result, al-
though ripple will increase slightly. 

Also shown in fig. 3 is a simple 
method for supplying both + and -

HEZ ® 
>220l 

314,8 • SINGLE 3UDC SWITCH 

fig. 3. Improved power-supply circuit. 

the binding. 
The publishers of ham radio will be 

doing the same with the 1970 bound 
volumes which they produce. 

Skip Tenney, W1NLB 

improved power supply 

Miniaturized power supplies for small-
signal solid-state devices often present 
special problems, including heat reduc-
tion and adequate filtering within a 
limited space. 

If an indicator light is necessary, an 
incandescent lamp across a secondary 
winding may be detrimental to the avail-
able rectified power output since the 
filament often dissipates a sizeable per-
centage of a small transformer's output. 
A 1/25-watt NE-2 neon indicator across 
the transformer primary will reduce heat 
as well as providing additional power for 
the load. 

voltages from one transformer. This ar-
rangment is useful for powering opera-
tional amplifiers, cascode circuits and 
digital devices requiring both polarities. 

Gene Brizendine, W4ATE 

grid dipping 
transmission lines 

Most amateurs are familiar with the 
many uses of the grid-dip oscillator. If a 
gdo is coupled to a tuned circuit made of 
lumped constants (fig. 4A) , the meter will 
show a dip at resonance. Similarly, a gdo 
coupled to a circuit composed of distrib-
uted constants, such as a half-wave an-
tenna (fig. 4B) or a half-wave section of 
transmission line (fig. 4C), the meter will 
dip at the resonant frequency of the 
antenna or transmission line. 

The lowest frequency at which the gdo 
gives an indication of resonance is at a 
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half-wavelength in the case of a Hertz or 
dipole antenna. When grid-dipping trans-
mission lines, a propagation-velocity 
factor must be used. This factor is 0.82 
for typical TV twinlead and 0.66 for 
commonly used coax cable (figs. 4C and 
4D). 

When grid-dipping antennas or sections 
of transmission lines, either of two 
methods may be used. The usual method 

15 )iH 

e ®® 
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© 
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SHORT 

@ 
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i TURN 

C f i 
SHORT •fa 

o 
• 44.B FEET-

RG-B/U COAX 

VELOCITY OF mOPAGATIOH-O.66 F, • T MHi 

fig. 4. Illustrating the use of the grid-dip 
oscillator for determining resonant frequency 
of circuits with lumped and distributed LC 
constants. 

this procedure isn't recommended for 
balances lines, such as twinlead. 

I experienced some frustrating results 
with a gdo coupled to coiled twinlead. 
Normal response was obtained when the 
twinlead was unrolled from the spool; but 
with the twinlead rolled up, gdo response 
was baffling. I obtained a series of minor 
and major dips, none of which seemed to 
produce a sensible pattern. When un-
coiled, the twinlead behaved in normal 
fashion. 

This anomaly may help to explain 
some rather odd reactions by those who 
have used twinlead for matching sections 
and, when coiling the line, have run into 
strange and unexpected results. 

Neil Johnson, W20LU 

blower-to-chassis 
adapter 

In many large rf power amplifiers it's 
not practical to mount the blower direct-
ly on the chassis — because of either size 
or noise. The setup shown in fig. 5 allows 
the blower to be remotely located. A 
small tin can with both ends removed is 
soldered to a piece of printed-circuit 
board. The printed-circuit board is then 
mounted to the amplifier chassis with 
sheet-metal screws. A length of flexible 
hose is run from the blower to the 
adapter. The hose can be secured with a 
hose clamp or tape. 

Bruce Clark, K6JYO 

is to determine the lowest frequency of 
resonance. If this isn't possible, you can 
grid-dip the line at several frequencies; 
i. e., at 4, 8, 12, and 16 MHz. A halfwave 
antenna has a "harmonic family" of 
resonances, roughly speaking, so you can 
expect similar behavior from a similar 
section of transmission line. 

coiled transmission lines 
Some hams roll up sections of trans-

mission line for compactness. This is 
where problems can occur. It's practic-
able to coil sections of coaxial cable, but 

fig. 5. Low-cost blower-to-chassis adapter for 
high-power amplifiers. Use automobile hose 
clamp. 
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amateur radio 
varactors 

1£?QQ 

A new family of high-Q varactors for 
amateur radio applications has been an-
nounced by the Eastron Corporation. 
These new varactors offer performance 
characteristics suitable for operation from 
lower i-f frequencies up to 450 MHz. 
Typical uses include automatic frequency 
control, transceiver incremental tuning, 
remote control and simplified frequency 
modulation. These varactors are parti-
cularly useful for replacing complex 
mechanical tuning in compact electronic 
gear. 

Prices range from $1.50 to $6.50 in 
small quantities. Application notes and 
data sheets are available from the manu-
facturer. Write to Eastron Corporation, 
25 Locust Street, Haverhill, Massa-
chusetts 01830, or use check-off on page 
94. 

national receiver 
National Radio Company's new HRO-

600 communications receiver is a high-
performance, solid-state receiving system 
which permits a heretofore unattainable 
flexibility. The systems concept allows a 
user to custom-tailor a receiving system 
to his specific needs at the lowest cost 
consistent with his requirements. The 
HRO-6OO receiving system consists of a 
main frame, choice of three frequency 
control plug-ins, and a large selection of 
useful accessories. 

The main frame contains all receiver 
signal path circuits from antenna inputs 
through line and speaker audio outputs. 
These circuits include an antenna attenu-
ator, slot filter assemblies, frequency con-
verters, i-f amplifiers, i-f filters, a-m and 
product detectors, and audio amplifiers. 
It also includes a frequency synthesizer 
for first mixer injection, a beat-frequency 
oscillator, and a 115-230 volt 47-420 Hz 
power supply. 

When the main frame is augmented by 
one of the frequency-control plugins, the 
receiver is capable of operating at any 
frequency between 10 kHz and 30 MHz 
in the following reception modes: a-m, 
cw, ssb, fsk and fax. Fsk operation also 
requires an accessory plug-in fsk con-
verter or external audio equipment. Fax 
reception requires external audio equip-
ment. 

Other accessories available for the 
NRCI HR0-600 include a noise blanker, 
diversity combiner, remote-control sys-
tem, dc power supply, vlf/mf/hf pre-
selector, and independent sideband 
adapter. 

For more information on this new 
receiver, write to National Radio Com-
pany, Inc., 111 Washington Street, Mel-
rose, Massachusetts 02176, or use check-
off on page 94. 

74 [jjj february 1971 



WHAT'S NEW 
IN FM? 

hallicrafter fm 
two-way radios 

The Hallicrafters Company has an-
nounced two new two-way fm radios that 
cover the amateur two-meter band as well 
as the 150-MHz business band; total 
frequency coverage is from 132 to 174 
MHz. 

The Porta-Command PC-210 is a ten-
watt unit which, when combined with 
quick-change accessories, perm its the oper-
ator to switch from portable to under-
the-dash mobile or base-station operation. 
Output is from two to ten watts, select-
able; hum and noise level is - 5 0 dB 
minimum; spurious outputs are down 53 
dB at 10 watts (46 dB at two watts); 
power supply voltage is 12 volts dc 
nominal. The receiver in the PC-210 is a 
crystal-controlled dual-conversion super-
het that features sensitivity of 0.5 /uV for 
20-dB quieting; spurious and image re-
sponse is - 6 5 dB minimum; audio output 
is 1 watt into an 8-ohm speaker. Acces-
sories include battery pack, continuous-
tone squelch, ac power tray, battery 
charger, and back-pack or shoulder carry-
ing case. 

The Porta-Command PC-230 is a 
30-watt solid-state radio that weighs only 
five pounds and takes up less than 250 
cubic inches of space. The unit provides 
up to 12 channels across 1 M H 2 with no 
power loss and is instantly adaptable with 
accessories to mobile, base-station or 
manpack operation. Power output of the 
PC-230 is 30 watts; current drain is less 
than 15 mA on standby, 5.5 amps on 
transmit; designed for continuous trans-
mit, 100% duty cycle; 132 to 174 MHz 
frequency coverage. The receiver features 
sensitivity of less than 0.5 / iV for 20-dB 
quieting; hum and noise are better than 
50 dB down from rated output. Acces-
sories include ac power tray, continuous-
tone squelch, mobile mounting rack and 
various antennas. 

Illustrated brochures that describe 
each of these fm sets are available from 
The Hallicrafters Company, FM 2-Way 
Department, PR, 600 Hicks Road, 
Rolling Meadows, Illinois 60008, or use 
check-off on page 94. 

The new 
Clegg 22'er FM, Model 25 

60 Watt Input 
110VA.C. and 12V D.C. 

9 Channel xmit capability 
Tuneable receiver 

from 145.9 -148 .2 mhz 
30khz dial calibrations 

UNLIMITED COMBINATIONS ! ! ! 

Only $384.95 

Also, the new 
"Standard" SR-C806MA 

12 Channel capability 
2 power output levels 
10 Watt and .8 Watt 

Supplied with 4 channels 
.35 uv. sensitivity or less 

for 20 db quieting 
2 Watt audio output 

Only $335.00 
Send for specifications sheet. 

W H E R E ? 
COMMUNICATIONS WORLD, INC. 
Tom K8MMM — "J. D." K8UHX 

4788 STATE ROAD 
CLEVELAND, OHIO 44109 

(216) 398-6363 

THE MIDWEST'S NEWEST 
COMPLETE COMMUNICATIONS CENTER 

HAM — BUSINESS VHF MARINE AND CH 
OHIO'S ONLY STOCKING CLEGG 

AND STANDARD FM DEALER 

We ship all prepaid orders immediately 
free anywhere in the Continental U.S.A. 
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a second look fisk 

Within the next 20 years the world's 
power needs may be supplied by huge 
solar power stations in synchronous orbit 
around the earth. Diminishing fossil-fuel 
reserves, doubts about the practicality of 
nuclear power and problems of air and 
water pollution have led scientists to 
develop a plan for a system of orbiting 
solar-power stations. 

The satellites would collect solar 
energy with huge arrays of solar cells, and 
convert the resulting dc into microwave 
energy for transmission to the earth. On 
the earth large rectifier-antennas {recten-
nas) would convert the received micro-
wave energy back to direct current for 
distribution to the user. 

Each power satellite in the system 
would consist of a solar array about 
five-miles square, a parabolic transmitting 
antenna 1.5 miles in diameter and 10,000 
microwave transmitting tubes, with an 
output of 1000 kW each. The trans-
mitting antenna and solar array would be 
connected with a super-conducting cable 
2 miles long. Total power of the proposed 
system is 100-million kilowatts. 

A large rectenna on the earth, several 
miles square, would convert the received 
microwave energy back into dc power for 
distribution. Each element of the large 
receiving array would consist of a half-
wave dipole with its own four-diode 
bridge. Since the individual dipole-diode 
combinations (dipodes) are independent, 
the overall beam pattern is essentially 

nondirectional, so it eliminates the neces-
sity for precise aiming at the satellite. 

An operating frequency of 3000 MHz 
was chosen to minimize the effects of 
atmospheric attenuation. Higher fre-
quencies would be attenuated by the 
trophoshere while lower frequencies 
suffer from ionospheric attenuation. In 
addition, in complete cloud cover and 
moderate rainfall attenuation is lowest 
around 3000 MHz. 

Many people, when first hearing of 
this plan, imagine that the microwave 
beam would virtually be a death ray that 
could cause great damage. Actually, with 
the proposed 100-million kW system, 
power density within the beam would 
only be 10 mW per square centimeter 
near the earth. This is the official Air 
Force maximum exposure level, and is a 
conservative limit with a built-in buffer 
factor, so it should not be hazardous for 
living things. 

Although 20 years is a reasonable 
estimate for getting the satellite solar 
power system into operation, some 
scientists predict that the system could be 
working in 10 years if the government 
were willing to initiate a crash program 
similar to the nation's moon-landing 
program. In any event, this is the kind of 
planning we need to solve the increased 
demands for electric power in the future. 

Jim Fisk, W1DTY 
editor 
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phase-locked 
local oscillator 

A practical solid-state 

phase-locked 

local oscillator 

that covers the range 

from 14 to 50 MHz 
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This oscillator was built to satisfy the 
requirement for the first local oscillator 
in a receiver. The design called for a 
number of stable frequencies separated 
by exactly 1 MHz over as wide a fre-
quency range as possible — at least 30 
MHz. One obvious solution would have 
been to use separate crystals for each 
frequency. However, this was not eco-
nomical because of the large number of 
frequencies. An alternative would have 
been to build a frequency synthesizer 
using somewhat fewer crystals (twelve in 
this case), and produce the required 
outputs by mixing. I have gone this route 
before and it is extremely difficult to get 
all the frequencies precisely where re-
quired. The problem of suppressing un-
wanted mixing products is also formid-
able. For these reasons I decided to build 
a variable-frequency oscillator which 
covered the desired frequency range and 
which could be phase locked to the 
harmonics of a 1.0-MHz crystal-con-
trolled oscillator. 

Although phase-lock systems are not 
uncommon in commercial equipment, 
there has not been a great deal written 
about them in the ham literature; proba-
bly because a rigorous analysis of the 
process is mathematically complex. How-
ever, it is relatively easy to understand 
their operation and to build systems 
which work. 

The phase-lock system is basically a 
servo system where the difference be-
tween the variable-oscillator frequency 
and a reference frequency produces an 

6 0 m a r c h 1971 



error signal which is used to alter the 
frequency of the variable oscillator. The 
process is similar to automatic frequency 
control (afc) except for one major differ-
ence which makes it far superior. 

phase-lock operation 
A conventional afc system is shown in 

block form in fig. 1. The discriminator 
produces an output which is proportional 
to the difference between the frequency 
of the voltage controlled oscillator (vco) 
and a reference frequency (the center 
frequency of the discriminator). The 
system is designed so that the overall 
feedback is negative. For example, if the 
discriminator output is zero volts for the 
desired frequency, positive for higher 
frequencies, and negative for lower fre-
quencies, and if the vco moved up in 
frequency for positive control voltages 
and down for negative control voltages, 
then the amplifier must invert as well as 
provide gain. Then, if the vco drifted up 
in frequency for some reason, the dis-
criminator output would become posi-
tive; the amplifier would amplify this 
voltage and would make it negative. This 
negative voltage, applied to the vco, 
would cause its frequency to decrease, 
thus counteracting the drift. The problem 

fig. 1. Basic parts of the auto-
matic frequency control circuit. 

with an afc system is that frequency drift 
cannot be compensated for exactly; there 
is always some frequency error. 

This can be proved by the following 
argument. Suppose the vco were original-
ly set exactly at the desired frequency. 
And furthermore, at that frequency, the 
discriminator output were exactly zero 
volts. Therefore, the control voltage to 
the vco would also be exactly zero volts. 

Now suppose that the vco drifted slightly 
upward in frequency. To bring it back to 
the original frequency requires a negative 
control voltage. This control voltage 
could only be produced if the discrimina-
tor output were somewhat more positive 
than zero; i. e., the vco frequency could 
not be exactly its original value. 

This requirement for an error signal is 
characteristic of any servo system. The 
error can be reduced by tightening the 
control loop; in the case of afc this is 
done by increasing the gain of the ampli-
fier so the control output would be very 
sensitive to small frequency changes. 

fig. 2. Block diagram of the 
basic phase-lock system. 

However, the frequency error cannot be 
eliminated entirely. In practice, the vco 
would be designed to be very stable so 
that frequency drift would be small. The 
afc system would then reduce drift even 
further. 

A phase-locked system (pis) can pro-
duce an output frequency which is 
exactly the same as the reference fre-
quency. This is done by deriving the error 
signal not from a frequency difference 
but from a phase difference. The block 
diagram of a pis is shown in fig. 2. Note 
that the afc discriminator has been re-
placed by a phase-difference detector. A 
reference frequency oscillator is also re-
quired, the discriminator performed this 
function in the afc system. 

Fig. 3 shows a hypothetical time 
sequence of two input voltages (one at 
the reference frequency and the other at 
the vco frequency) and the output of the 
phase-difference detector. Initially the 
two voltages are in phase (the phase 
difference was zero) so the output of the 
phase detector is zero. However, because 
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the two frequencies are different, the 
phase difference increases steadily with 
time until it reaches 360° . A t that point 
the output of the phase difference drops 
back to zero since 360° phase difference 
is equal to zero phase difference. 

Now suppose the output of the phase 
detector were connected to the vco con-
trol line. The ramp voltage would sweep 
the vco frequency. For the system to 
work properly, the control-voltage would 
sweep the vco frequency in a direction 
so as to decrease the frequency dif-
ference. Then, as the vco frequency 
approached the reference frequency, the 
rate of change of phase difference would 
decrease, and the vco would sweep more 
slowly. When the vco exactly reached 
the reference frequency, the phase dif-
ference between the two would be 
constant in time, so the vco frequency 
sweep would stop; the vco frequency 
would be phase-locked to the reference 
frequency. 

The error signal in this loop is due 
to the phase difference between the 
vco and the reference frequency while 
they are locked together. This phase 
difference can be made arbitrarily small, 
just as the frequency difference in an afc 
can be reduced, but it cannot be entirely 
eliminated. However, for purposes of 
frequency control it is immaterial because 
the frequency error will be zero regardless 
of the phase error. If the vco frequency 
tended to drift , the phase detector would 
produce an output voltage which would 
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keep the vco locked to the reference 
frequency. After the drift, the phase 
difference between the two oscillators 
would, of course, be different from its 
original value, but the two frequencies 
would still be identical. 

In practice, it is difficult to build a 
phase-difference detector with charac-
teristics exactly as outlined above, and 
the devices used are called phase-sensitive 
detectors. The output of phase-sensitive 
detectors are usually only approximately 

fig. 4. Proposed phase-locked oscil-
lator for receiver local oscillator. 

proportional to phase difference, and 
then only over a restricted range of phase 
difference. Also, there will also be a 
low-pass filter of some sort following the 
detector. 

The lock-in range of the system, the 
range of vco frequency variation over 
which it can be locked onto the reference 
frequency, depends in a complicated way 
upon total loop gain and low-pass filter 
band-width. If you are interested in pur-
suing the topic, there are a surprising 
number of papers in technical journals on 
the subject. One of the more readable 
explanations I have seen appeared in the 
Proceedings of the IRE1. 

practical phase-locked oscillator 
For my requirements, the vco had to 

have as wide tuning range as possible. 
Fair Radio has been selling a surplus tun-
ing unit with a ganged capacitor and slug-
tuned coil that covers the frequency 
range from 14 to 50 MHz , and I bought 
one of these.* I wanted to use this 
mechanism as the basis for a variable 
oscillator for this frequency range and 

*$1.25 from the Fair Radio Sales Company, 
Post Office Box 1105, Lima, Ohio 45802. 
Order RT-45 tuner. Shipping weight: t pound. 

1.0 MHr 
OSCILLATOR VCO 



phase lock it to the harmonics of a 1-MHz 
oscillator. 

The system is shown in fig. 4. The 
surplus tuning unit was made into a 
Hartley oscillator using an fet. With no 
padding capacitor, the frequency range 
extended from about 15 to 80 
MHz — this was more than adequate, and 
a padding capacitor was added to reduce 
the range somewhat, and to lower the 
low-frequency limit to a bit lower than 
14 MHz. Frequency stability was quite 

fig. 5. Harmonic generator. 

good. Normally the oscillator should be 
as stable as possible so that it does not 
readily drift out of the lock-in range. A 
varicap across the tank circuit was to be 
used as the frequency controlling 
element. 

The 1-MHz crystal-controlled oscil-
lator also used an fet. The harmonic 
generator was more complicated than the 
type usually seen in the amateur maga-
zines. A phase-look system requires that 
some power must be supplied to the 
reference frequency input to the phase 
detector at all frequencies where phase 
lock is required. To lock at 50 MHz, for 
example, requires appreciable amplitude 
of the 50th harmonic of the 1-MHz 
oscillator. Harmonics were originally 
generated by squaring the 1-MHz wave-
form and applying it to a diode — and 
later, other non-linear devices. 

However, after a few experiments, it 
was apparent that the amplitudes of the 
higher harmonics generated in this way 
were too small. Step-recovery diodes 
probably would have been excellent; 
however, I didn't have any, so I built the 
harmonic generator outlined in fig. 5. 

The output of the multiplier was 
keyed on and off at a 1-MHz rate by the 
gate. Assume that the frequency multi-
plication factor were ten and that it was 

somewhat non-linear; the output of the 
multiplier would then contain energy not 
only at 10 MHz, but also its harmonics, 
20, 30, 40 MHz, etc. The gate can be 
thought of as a modulator which over-
modulates. Consider for example the 
signal from the multiplier at 10 MHz. 
This would be modulated at a 1-MHz rate 
so the output of the gate would contain 
the carrier at 10 MHz as well as sidebands 
1 MHz to each side of it (9 MHz and 11 
MHz). 

Because of overmodulation, there 
would also be other sidebands 2, 3, 4, and 
5 MHz on either side of 10 MHz. The 
output of the gate would contain all the 
carriers (spaced at 10 MHz intervals) plus 
all the sidebands (spaced at 1 MHz 

i 

Miniature phase-locked local oscillator. 

intervals) between the carriers. This type 
of harmonic generator can be very effici-
ent. The simple version I built produced 
sufficiently strong harmonics up to 70 or 
80 MHz. 

Since any mixer is, in fact, a phase-
sensitive detector of sorts, my phase 
detector was a simple diode double-
balanced mixer. I didn't have any hot-
carrier diodes, so four 1N270s were 
selected by matching them on a curve 
tracer. The low-pass filter was an RC type, 
and the amplifier was a ^A741 integrated 
circuit. 
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Unfortunately, when the system was 
built, it would not work properly over 
the entire range of the vco. Despite 
careful diode matching, the double-
balanced mixer was not well enough 

been to provide some amplitude limiting 
of the vco output. However, the system 
was beginning to get too complicated, and 
the whole approach was abandoned. 

After considerable experimentation, 

balanced. The output of the mixer must 
be coupled directly to the amplifier 
input. Ideally, the output of the mixer 
should be at zero volts dc when the two 
inputs are not harmonically related. How-
ever, due to diode unbalance, there will 
always be a small dc component as well as 
the desired signal which offsets the am-
plifier input. 

The problem was that the offset de-
pended on vco amplitude. The system 
could, for example, be adjusted to work 
near 14 MHz by compensating for dc 
offset. However, when the vco was tuned 
to higher frequencies, the output ampli-
tude changed, causing the dc offset to 
change and saturate the amplifier. If the 
gain of the amplifier were reduced so that 
it did not saturate anywhere over the vco 
range, then the lock-in range became 
unacceptably small at the higher fre-
quencies. A possible solution might have 

the final solution required very few com-
ponents. The oscillator fet itself was used 
as a mixer by coupling the harmonic 
generator output into the oscillator tank 
circuit with a varicap. The signal at the 
gate of the fet contained the oscillation 
frequency as well as all the 1-MHz har-
monics. The instantaneous voltage at the 
gate depended on the phase difference 
between the oscillation frequency and the 
harmonics. Because the varicap was con-
nected to the gate, the oscillation fre-
quency therefore depended on this phase 
difference — thus satisfying the require-
ment of a phase-locked loop. 

This system worked very nicely when I 
used a 1N914, a silicon planar switching 
diode, for the varicap. Normal varicaps 
with capacitance of 10 pF at 4 volts 
resulted in lock-in ranges which were too 
large, and which overlapped. With the 
1N914, the lock-in range was about 100 
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kHz at 14 MHz and somewhat lower at 
the higher frequencies. 

The final circuit is shown in fig. 6. The 
oscillator transistor was mounted on 
small terminal strips next to the coil. The 

factory, and it is anticipated that when 
the system is incorporated into the re-
ceiver, it will not be necessary because 
considerable wideband noise will be 
generated when the system is not locked. 

OIKV 

C I , U4 Part of surplus tuner, Fair Radio RT-45 
(see text) 

L I 100— 125 jUH (J. W. Miller 42A104CBI) 
with 20-turn link 

L2 25 turns no. 28 on Phillips 2P65347 toroid 
core, 7-turn link 

L3 18 turns no. 28 on Phillips 2P65347 toroid 

L5 15 turns no. 28 on Phillips 2P65347 toroid, 
4-turn link 

Phillips toroids are 0.375 inch In diameter. 
Ferroxcube 266CT125 toroids made of 4C4 
material are identical to the Phillips units; 
Indiana General type CF102-Q1 are virtually 
the same. 

fig. 6. Circuit of the practical phase-locked oscillator that tunes from 14 to 50 MHz. 

1-MHz oscillator and harmonic generator 
was built on a printed-circuit board which 
fit nicely inside the framework of the 
surplus capacitor-coil framework as 
shown in the photograph. The smaller 
board on the side of the frame is the 
output buffer amplifier. 

The frequency multiple in the har-
monic generator need not be ten but can 
be any multiple. In the final version, it 
was sixteen. 

The only remaining detail was to 
determine whether the vco was free run-
ning or whether it was phase locked at 
any point on the dial. This was done by 
connecting a diode detector and audio 
amplifier in parallel with the output. As 
the vco was tuned through its range, it 
was possible to hear it snap in and out of 
lock. 

This method is not particularly satis-

As an interesting side effect I found 
that it was possible to lock the vco on to 
harmonically related frequencies other 
than the 1-MHz points. For example, the 
vco could be locked to exactly 14.3333 
MHz because the mixer detected the 
phase difference between the third har-
monic of the vco at 43 MHz and the 43rd 
harmonic of the 1-MHz oscillator with 
sufficient amplitude to cause locking. 
However, the lock-in range for these 
frequencies is quite small and there is no 
difficulty in determining whether or not 
the output frequency was on one of these 
points or on the desired frequency. 

reference 
1. H. T. McAleer, "A New Look at the Phase-
Lock Oscillator," Proceedings of the IRE, June, 
1959, p. 1137. 

ham radio 
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TR-50 
customized 

six-meter 
transverter 

A compact 300-watt 

transverter 

featuring 

high efficiency 

and a low-noise 
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The 50-MHz transverter described in this 
article was built to satisfy a specific 
purpose: to provide a medium power, 
tabletop transverter which was com-
patible, both electronically and in styling, 
to the Drake TR-3. A secondary object 
was cost. The result is a 300-watt ssb 
transverter that uses a low-noise mosfet 
receiving converter, and includes built-in 
solid-state power supplies. Efficiency of 
the output stage is 64%. 

cabinet 

My first order of business was to select 
a suitable enclosure for the unit. The 
Drake TR-6 cabinet matches the TR-3 in 
styling and offers the advantage of not 
having additional cutouts as do other 
cabinets of the TR-4 line. Cabinet 
measurements indicated a 10-1 /2 x 13-1/4-
inch chassis and 10-1/2 x 5-1/4-inch front 
panel were optimum. Considering the 
weight of the power-supply components, 
0.047 steel was chosen for the chassis to 
provide strength and rigidity. 

The chassis and front panel were pur-
chased from a local metal shop for $9. 
This included bending and corner weld-
ing. The chassis, front panel and cabinet 
were then mated, and the chassis drilled 
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for the captive hardware I wanted to use 
to hold the system together. The captive 
nuts should be riveted in place to provide 
a smooth, flush outside surface. 

circuit 
In the next phase of the design I 

considered both the mechanical and elec-
trical requirements of the transverter. I 
have found it useful to first decide upon 
the circuit and power-tube requirements, 
and then search the literature for com-

A recent article by K2ISP1 described 
printed-circuit transmitting mixers for 
both six and two meters. Local experi-
ence with the two-meter unit suggested 
similar possibilities for the six-meter 
mixer. K2ISP's mixer features a conven-
tional 6U8 buffer/amplifier that feeds a 
push-pull 5763 mixer/driver stage; the 
low-frequency ssb signal is injected at the 
cathodes of the 5763s. Although the 
original circuit was designed for a 43-MHz 
local oscillator and 7-MHz ssb, it seemed 

i »•» W142i 

Top view of the TR-50. The coaxial cable on the bottom goes to the receiving converter. 

mercial transformers that will do the best 
possible job. Since I wanted the design to 
be as close to the state-of-the-art as 
possible, I decided on printed-circuit con-
struction; solid-state would be used 
where feasible. 

reasonably easy to convert to the more 
popular 36-MHz local oscillator, 14-MHz 
ssb system {fig. 1). 

The printed-circuit board used in the 
K2ISP transverter, shown in fig. 3, can be 
used in the TR-50 without modifica-
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S-3V O -

14 mm, INPUT 
SSB, 

3 9I . i i 4 

i 
n 7 .a ^ 

CI 32-pF variable (E. F. Johnson 160-110) 

C2 10-pF butterfly (E. F.Johnson 160-211) 

C3 7 — 45 pF ceramic trimmer 

L I 12 turns no. 24, close wound on 1/4" 
slug-tuned form 

6 
•18V TRANSMIT 
-KM/ STANDBY 

L3, L4 7 turns no. 20, air wound, 1/2" 
diameter, 9 /32" long 

L5 4 turns no. 20, air wound, 1/2" diameter, 
5 /32" long 

RFC Ohmite Z-50 

Xtal 36-MHz third overtone 
L2 12 turns no. 20, air wound, 1/4" diameter, 

1 /2" long 

fig. 1. Six-meter transmitting mixer uses 14-MHz ssb input. 

tion — although a few component values 
must be changed to accommodate the 
new mixing frequencies. The oscillator 
and buffer coils were re-designed to cover 
36 MHz, and the input toroid was wound 
for 14-MHz injection. 

A f t e r all the components were 
mounted on the printed-circuit board, the 
unit was tested on the bench. Using a 
TR-3 for injection, through a 10-dB pad, 

the transmitting mixer worked well into a 
50-ohm load. A Heath Monitorscope in-
dicated good quality ssb. Power output 
was calculated to be slightly more than 
1.5 watts — more than enough to drive a 
power amplifier stage. 

power amplifier 
The available chassis space dictated a 

power tube that would combine ef-
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shown in fig. 4. 
Rough sketches indicated that the 

pi-network coil, variable capacitors, plate 
choke and bypasses would easily fit into a 
3x4x5-inch aluminum utility box. This 
made a suitable rf compartment which 
would fit into the vertical space between 
the cabinet and the top of the chassis. 

The grid compartment box was 
made from 0.047-inch steel and mounted 
upside down under the chassis. By 
mounting this box against the back edge 
of the chassis, and including a rubber-
gasketed cover, a plenum chamber was 
created. Cooling air is provided by a 
Dayton 21-cfm blower mounted to the 
chassis and sealed with rubber gaskets. A 
IVi-inch diameter hole through the back 
of the chassis and the grid compartment 
provides for air flow. 

All power and filament connections 
are fed to the grid compartment through, 
.001 fiF feedthrough capacitors. Coupling 

fig. 3. Full-size printed-circuit board for the transmitting mixer. 
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Fig. 2. Toro id transformer for 14-MHz input. 
Core is Ferroxcube 4C4 3/8" OD, 3/16" ID, 
1/8" thick. Winding N1 is 3 turns no. 24 
enameled: Winding N2 and N3 are each 5 turns 
no. 29 enameled. Windings N2 and N3 must be 
wound in same direction. Primary and Second-
ary winding should use full circumference of 
the core. 

ficiency with small size. The 4X150/ 
4CX250B power tetrodes offer a pow-
er-output-to-size ratio that seemed 
ideal for this application. These tubes 
require forced-air cooling, but com-
mercial squirrel-cage blowers are available 
in small sizes and at low cost. A sche-
matic of the six-meter power amplifier is 



from the mixer output link is fed to the 
4CX250B grid through a ceramic feed-
through connector. I believe this setup 
provides the input-output isolation which 
resulted in an exceptionally stable power 

vided power for the miniature coaxial 
relay and 15-volt zener-regulated receiv-
ing-converter power supply.* Power 
supply circuits are shown in figs. 9, 10 
and 11. 

PCX 

H e 
SCO 

L6 
J V W V 

RFC, TP® 

RH RH RFI 
OCX 

J40 , LAOFIF - RFC 3 
>IOT 

| S 
EW 

300V B* 
TSO 

V.OC* 

M 

.001 

AT H 

C I E imac S K 6 0 0 socket bypass capacitor 

L5 L ink on transverter board (L4 in fig. 1) 

L6 , 5 turns t/8" copper tubing, 1" diameter 

fig. 4. 4X1 SO power amplifier stage operates at 64% efficiency and requires no neutralization 

PC1 3 turns no. 14 around 47-ohm, 2-watt 
resistor 

R F C 1 , 2 , 3 Ohmlte Z-50 

amplifier that needs no neutralization. 
I used low-cost surplus transformers 

and chokes for the various power sup-
plies, although suitable commercial trans-
formers are available. Separate trans-
formers were fused for the high- and 
low-voltage supplies. A Stancor PS8415 
was used for the bias supply, and a small 
24-volt electric-train transformer pro-

"Shortly after completing this project, I un-
covered a small bonanza. Jim Reeves, 
WA9HKE, 2207 Columbus Avenue, Anderson, 
Indiana purchased the closing stock of an 
electronics manufacturer, and included in this 
stock were a number of multiple-winding power 
transformers yielding 1100 to 1200 volts, 300 
volts, 130 volts, 6.3 volts and 5 volts. The price 
is $12 each. These transformers are ideal for 
transverter projects such as the TR-50; I bought 
several for future projects. 
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Power-amplifier compartment. T h e 4 C X 2 S 0 B is 
mounted to the rear of the compartment. T u b e 
clamp is a stainless-steel heater-hose clamp. 



switching and controls 

Since the power output of the TR -3 is 
much higher than that needed for the 
5763 mixer circuit, it must be attenuated. 
The 10-dB pad shown in fig. 5 is some-
what over-designed, since the resistors 
specified will permit 220 watts dissipa-
tion. It is built into a 3x4x5-inch minibox 
and connected to the transverter input 
with short length of RG-58/U coaxial 
cable. 

The switching relays consist of one 
three-pole, double-throw unit (K3), a 
standard Dow-Key antenna changeover 
relay (K1), and a miniature surplus 
coaxial relay (K2). K 3 is the main control 
relay and is actuated by extra contacts in 
the ssb exciter (fig. 6); it actuates K 1 and 
K2, and grounds the two bias lines. One 
multiple-pole relay would probably do 
the job, but these three relays were 
already in myjunkbox. 

metering 

The meter circuits were designed with 
two factors in mind: low cost and easy-
to-calculate meter shunts for the scales I 
wanted. By using low-cost imported 
meters in series with 1000-ohm resistors, 
all shunts are multiples or submultiples of 
10 ohms. For example, with a 1-ohm 

Power-amplifier grid compartment. All con-
nections are fed through .001 fJF feedthrough 
capacitors. 

shunt, this system will read 1 ampere full 
scale: for 500-mA full scale a 2-ohm 
shunt is required, and for 100-mA full 
scale, a 10-ohm shunt. 

tte 
m 

m 

fig. 5. 10-dB pad must be used to lower output 
of ssb exciter. 100-ohm resistors consist of six 
parallel-connected 600-ohm 14-watt resistors 
(Sprague 459E7015). 70-ohm resistor consists 
of 7 parallel-connected 700-ohm, 14-watt re-
sistors (Sprague 459E6015). 

Bottom view of the TR-50. Bias transformer is 
mounted in lower left corner. Diodes in upper 
center are the high-voltage bridge rectifiers. 
BNC fittings in center are from the miniature 
coax relay. 

The meters are used in the plate and 
screen circuits of the power-amplifier 
stage; these are the most critical measure-
ments in 4 X 1 5 0 tetrodes. In addition, the 
screen-current meter is switched to read 
relative power output. The scale numbers 
on the original Micronta* meters were 
erased and replaced with press-on 
numbers to indicate the desired ranges. 

•Micronta meters are $2.98 from Radio Shack. 
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INPUT 
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fig- 6. Switching and control circuitry. Relay K 3 is a multiple-contact unit actuated by T R relay in 
the exciter. K 2 is a miniature coax relay. K l Is a D o w - K e y antenna changeover relay. 

ISV 

C 1 ,C2 3-20 p F air variable 

C 3 7-35 p F air variable 

D 1 , D 2 1 N 1 0 0 or equivalent 

L I to turns no. 30 on 1/4" slug-tuned form, 
tap at 3 turns (J. W. Miller 2QAOOO-2 form) 

fig. 7. S 0 - M H z receiving converter uses high 
performance mosfet transistors. 2 N 7 0 6 oscil-
lator stage is disconnected at point X when 
converter is Installed in TR-50, and in/ectlon 
obtained f rom 6 U 8 oscillator/buffer. 

L 2 10 turns no. 26 on 1/4 " slug-tuned form 
(J. W. Miller 2 0A000 - 2 form) 

L 3 24 turns no. 26 on 1/4" slug-tuned form, 
secondary 3 turns no. 26 (J. W. Miller 
2 0 A 0 0 0 - 2 form) 

1.4 9 turns no. 26 o n 1/4" slug-tuned form 
(J. W. Miller 2OAOOO-2 form) 

R F C 18 f lH (J. W. Miller 9310-42) 

18 GB m a r c h 1971 



receiving converter 
The receiver converter is based on a 

design by WB2EG2 originally published 
in ham radio.2 The modified converter in 
the TR-50 uses a high-gain single-gate 
3N128 mosfet as an rf amplifier; the 
mixer is a dual-gate 3N141 mosfet. To 
provide full transceive ability, oscillator 
injection is taken from the transmitting 
mixer. This circuit exhibits an excellent 
noise figure, and has high resistance to 
cross modulation. 

I had originally planned to build the 
receiving converter into a commercial 
cast-aluminum box. However, there was 
not enough space between the top of the 
chassis and the final-amplifier tuning 
shafts to accommodate the commercial 
box. The box I finally used was made 
from double-sided printed-circuit board. 
The top and sides of the box were fixed 
in a holding jig and joined by solder fillets 
on all interior seams. This chassis is 
mounted next to the transmitting mixer 
board for direct capacitance coupling to 
the output of the 36-MHz oscillator/ 
buffer. 

Placing of components in the receiving 
converter is not critical with the excep-
tion of the interstage shield in the 3N128 
rf amplifier. The transistor socket should 
be mounted so the shield can be soldered 
across the width of the box, isolating the 
input to a small compartment on one end 
of the chassis. Ceramic feedthrough con-

nectors are used for oscillator injection 
and i-f output. A BNC coaxial connector 
is used at the input. 

The converter circuit shown in fig. 7 

n 
91 

mumc 
o— - O F FI 

TS 

L2 

fig. 8. A c control wiring for the 
TR-50. Fuse F1 Is a 5-amp slo-blow 
unit. 

has a 36-MHz oscillator stage that was 
included so the converter could be bench 
tested before putting it into the TR-50. 
When the receiving converter is installed 
in the transverter, the oscillator injection 
line is disconnected from the 20-pF 
capacitor and connected to the output of 
the transmitting-mixer buffer. The built-

fig. 9. High-voltage 
power supply for 
the TR-50. 
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in receiving-converter oscillator stage is 
left on the board for future trouble-
shooting and maintenance. 

alignment and test 
After all the wiring and assembly were 

completed, the unit was given a good 
shaking out and cleaning to remove all 
the bits of wire that had become lodged 
in the crevices. Next, I carefully inspected 
all the tube sockets, tie points and cable 
terminations for miswiring, shorts and 
unsoldered joints. This is time well spent, 
and it pays to do some careful circuit 
tracing. Do not short change yourself - a 
simple wiring mistake can become very 
costly when the power is turned on. 

Before applying power for the first 
time, remove all the tubes from their 
sockets. Then turn on the power and 
measure the voltages. The voltages will 
tend to be on the high side, but will 
confirm that connections have been made 
to the right places. 

Test the transmitting mixer first. Con-
nect the output of the exciter through 
the pad to the mixer. Plug the mixer 
tubes in, along with the OB2 regulators 
and relay keying circuit. Adjust all tuned 
circuits to the correct frequency with a 
grid-dip meter. Temporarily connect a 
51-ohm, 2-watt resistor from the output 
link of the mixer to ground; do not install 
the 4X150 yet. 

Tune the ssb exciter for normal out-
put, and using the grid-dipper as a wave-
meter, adjust the 6U8 tuned circuits for 

maximum output to the 5763. Adjust the 
5763 tuned circuits for maximum indica-
tion at 50 MHz. Be careful not to exceed 
the tune-up limitations of the exciter. 

Turn off the exciter, disconnect 
power, discharge all the filter capacitors 
and install the 4X150. Remove the 
51-ohm resistor from the mixer output. 
Connect a 50-ohm non-inductive load to 
the output of the power ampl ifier. Apply 
power and allow a normal warm-up 

fig. 11. Receiving-converter and 
relay power supply. 

period. Turn the exciter gain control 
down, key the exciter and adjust the bias 
on the 4X150 for resting current of 50 
mA. 

Now turn up the exciter gain control 
and resonate the final. With 1400 volts on 
the plate, I could load my unit to 200 
mA plate current; screen current was 30 
mA. This corresponds to 280 watts dc 
input — power output, measured with a 
Bird thru-line wattmeter, was 178 watts, 
representing 64% efficiency. 

Although I have not experienced any 

4H AT 200mA 

fig. 10. Low-voltage 
power supply. 
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instability in my unit, if you should run 
into this problem, conventional stub 
neutralization should cure it. 

Alignment of the receiving converter is 
simple and straightforward. Since the 
mosfets are high-impedance devices, the 
resonant circuits can be dipped before the 
transistors are put in their sockets. When 
the converter is installed in the TR-50, 
only slight touchup is required to peak all 
the tuned circuits for maximum output. 

,1 1/2 (BUMKK) 
\ sBNC (OUT TO PAD) 

\ \ \CWCH JOHCS \BJAS ADJUST 

fig. 12. Rear panel layout of the TR-50. 

painting 
After all the checks and tests were 

completed and the transverter was fully 
checked out on the air, the front panel 
was removed. The steel panel was sanded 
with fine sand paper using only horizon-
tal strokes, followed by a thorough clean-
ing with a degreasing solvent. Rust-O-
Leum Dove Gray and Equipment Gray 
enamel were chosen as the closest match 
to the Drake TR-3 panel colors. A 
3/16-inch wide piece of masking tape on 
the bare steel divided the panel into 
vertical halves. Each half was alternately 
masked while the other half was sprayed. 
Repetitive light coats of paint are pre-
ferred over one heavy coat. 

Each color was baked for 30 minutes 
in the hot-air plenum chamber of a forced 
hot-air home furnace. After each half of 
the panel was baked, the 3/16-inch 
masking strip was carefully removed, 
leaving a bright steel dividing line that 
matches the decorative strip on the TR-3. 

For lettering on the front panel I used 
Prestype transfers — black letters on the 
light gray upper half, and white lettering 

on the lower dark-gray half. Three coats 
of clear acrylic lacquer spray, baked for 
30 minutes, protect the lettering. 

The elevation legs for the TR-50 were 
made from 1-inch dowel rod, capped with 
rubber crutch tips. 

conclusion 
The original design was recently modi-

fied when I acquired a 4X250R from a 
friend. The 4X150 was replaced, and the 
bias readjusted for 125 mA idling current. 
No other modifications were necessary. 
An immediate increase of 20 watts was 
noted in output power. This tube, al-
though expensive, is designed specifically 
for class-AB linear service, and the in-
crease in power and efficiency was well 
worthwhile. 

The pleasure I have derived from 
designing and building the TR-50 has 
been multiplied many times by the excel-

Rear view of T R - 5 0 shows blower 
and Dow-Key antenna changeover 
relay. 

lent on-the-air reports I have received. 
The excellent results have spurred me to 
begin another project —a TR-144 using 
K2ISP's printed-circuit two-meter mixer. 

I would like to express my thanks to 
Dick McGinn, WA1IMS, for providing the 
excellent photographs of the TR-50. 
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RTTY 
signal generator 

This integrated-circuit 

RTTY reversal generator 

produces an RYRYRY 

signal for testing 

teleprinters 
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Teleprinter ranc^ adjustments and other 
performance checks are usually made 
while the machine is printing the standard 
R Y test signal. R signals select even mark 
and odd space pulses, then Y signals 
reverse everything and select even space 
and odd mark. The result is a maximum 
amount of slipping and sliding of adjacent 
parts within the machine, and conditions 
which are likely to cause misprint are 
readily observed. 

Bias and distortion measurements are 
ordinarily taken during reception of re-
versal square-waves or continuous space-
bar signals. Reversal signals alternately 
open and close the machine loop, simu-
lating a succession of mark and space 
pulses. Space-bar signals perform the 
same job if a keyboard of known quality 
is available. Use of the reversal square-
wave or keyboard space-bar signal to a 
questionable R T T Y transmission unit 
promptly turns up any bias distor-
tion — as evidenced by alteration of the 
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pulse duty cycle. This is the electronic 
counterpart of the mecbanicaJ slipping 
and sliding check. 

Here's a low-cost reversal generator 
which also sends repetitive, zero-bias, 
R Y R Y R Y test signals to the printer or 
transmitter loop. An electronic clutch is 
included, making the unit a self-contained 
solid-state transmitter-distributor. A 
dutch keyer circuit may be added later if 
desired. This enables the generator to 
send . . R Y (pause) R Y (pause) 
R Y . . . , " leaving both hands free for 
stubborn machine adjustments. A multi-
purpose R T T Y bias and loop test meter 
will also be described. 

In order to be useful in distortion 
tests, reversal square-wave pulses must be 
of accurate length, with reasonably fast 
rise and fall times, and of especially 

both print fine on local loops. The effects 
of bias distortion may be additive. 

Quantitative bias measurements are 
expressed as percentages. Distortion 
which lengthens a 22-millisecond mark 

.uuLTLnnnji 
*P*-mrftUSES I ' Y"PUSES »H , — W-<*-

(22m» EA) jjlpp (22mt EA) s|w> I ISIrml I <3lim>\ STA/ff START START <2t*m) (SZnm) atm> 

0yiimjw^u 
I STOP| STOP | 

START STA/fT START 
(ALL PUSES 22ms) 

fig. 2. Teletype Corporation R Y signal is shown 
in A; Western Union R Y signal Is shown in B. 

NORMAL SIGNAL 
mmc 

. m n r u i 
SPACE 

WITH MARKING BIAS J ^ I A 
WITH SPKH6 BIAS 

JUUUL 
fig. 1. Bias distortion. 

accurate duty cycle. The square-wave 
works out to be 22.5 Hertz for the 45.5 
baud (60 wpm) standard system. Mark 
and space pulses are of equal duration, so 
the duty cycle is exactly 50 percent. 

theory of operation 
Consider a defective demodulator or 

terminal unit which changes the duty 
cycle by lengthening the mark pulses and 
shortening the space pulses. The demodu-
lator is said to cause "marking bias" and 
it degrades system performance according 
to the severity of the condition. This kind 
of distortion (fig. 1) may be one reason 
why two teleprinters are unable to com-
municate through a radio system, while 

pulse by 11 milliseconds is described as 
50% marking bias. 

The R Y generator takes advantage of a 
compatibility scheme to develop a signal 
which prints R Y while maintaining the 
perfect 50% duty cycle of the reversal 
square-wave. As such, this generator can 
be a very useful standard for R T T Y 
system tests. 

Fig. 2A shows the waveform of a 
Teletype Corporation model-14 distribu-
tor sending R Y at the usual 61.3 words 
per minute. Fig. 2B shows the waveform 
of a surplus Western Union distributor 
sending R Y at the compatible speed of 65 
words per minute. Both machines are 
usable in the amateur bands, but 65 wpm 
is right at the upper speed tolerance limit 
set by FCC. 

Note that the only difference between 
the two signals is the duration of the stop 
pulses. The Western Union machine sends 
a shorter (22 millisecond) stop pulse. The 
two machines operate compatibly be-
cause the selecting pulses are all the same 
length, i. e. both units use a 45.5 baud 
code. 

Even with the shorter stop pulse, 
synchronization is assured. The nominal 
(420 rpm) receiving shaft speed of the 
Teletype machine is still faster than the 
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(390 rpm) transmitting shaft speed of the 
Western Union machine. 

The Western Union RY signal in fig. 
2B may be used as a reversal signal, 
because each mark has a space counter-

from the ic logic. The remainder of the 
circuit is used to invert two out of every 
fourteen square-wave pulses to form the 
RY test signal. 

Flip-flops A , B, C and D form a 

fig. 3 Solid-state R Y generator. Diodes D1, D2 and D3 are germanium computer types. Silicon 
diodes may be used with higher supply voltage (3.5 to 4.S volts). Resistor R4 is a Mallory MTC1414. 

part of equal duration. The duty cycle is 
exactly 50 percent. 

circuit 

The circuit of fig. 3 generates the RY 
waveform of fig. 2B. Gates E and F of the 
MC824P quadruple-two-input gate are 
connected as an astable multivibrator. 
The negative slopes of the multivibrator 
output trigger flip-flop A (MC890P) to 
form a perfect square-wave. Gate H is 
used as a buffer to drive the base of the 
Motorola MJ421 transistor with the square 
wave. The MJ421 is rated at 350 volts 
Vcb and makes an excellent loop driver. 
Diode D4 is for inductive transient sup-
pression. Resistor R6 (not shown on the 
photo) was added to decouple transients 

sea le-of-sixteen counter. Feedback capa-
citor C4 inverts one pulse by causing 
count 2 to be skipped. This occurs during 
the decay of the positive pulse fed 
through the capacitor from flip-flop D, 
which retriggers A and causes an immedi-
ate advance to count 3. Gate G inverts 
the other pulse by presetting count 15 to 
count zero. In other words, count 15 is 
also skipped. The truth table of fig. 4 
summarizes generator operation. 

When S1 is closed, the circuit advances 
to the mark pulse of count 14. Gate G 
recognizes this count because all inputs 
are zero. The output of gate G goes 
positive and presets flip-flop A to mark. 
The circuit holds the mark as long as S1 
remains closed, because the preset line 
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will not allow flip-flop A to toggle. This 
provides the clutch action for the gen-
erator. 

When S1 is opened, the positive volt-
age at R5 (from A1) pulls down the 

G rapidly reactivates the preset line and 
forces the circuit on to count zero. Gate 
G has no further influence until count 15 
is reached again, (or count 14 if S1 gets 
closed). Capacitor C3 adds a delay of 0.5 

fig. 5. Full-size prtntad-
clrcuit board layout for the 
R T T Y generator. 

output of gate G and removes the preset 
condition from the first flip-flop. The 
next trigger from the multivibrator 
momentarily advances the circuit to 
count 15. Then the positive voltage dis-
appears from R5, causing the output of 
gate G to rise. The positive output from 

fig. 4 Truth table for R T T Y generator. 

Count Ao BO Co Oo Output 

0 0 + + + Mark (Stop) 
1 + + + Space (Start) 
a 0 0 0 0 pos. transient — 

0.5 /isec. 
3 + 0 0 0 Space 
4 0 + 0 0 Mark 
s + + 0 0 Space R 
6 0 0 + 0 Mark 
7 + 0 0 Space 
8 0 + + 0 Mark (Stop) 
9 + + + 0 Space (Start) 

10 0 0 0 + Mark 
11 + 0 0 + Space 
12 0 + 0 + Mark Y 
13 • + 0 + Space 
14 0 0 + + Mark 
IS + 0 + neg. transient — 

0.3 jUsec. 
0 0 + • + 

microsecond to ensure that the preset 
pulse is of sufficient duration to do 
its job. 

The overall effect is that only com-
plete R Y s are sent. The circuit action is 
always stopped in the proper state to 
begin another RY. If S1 is opened, then 
closed, a single R Y will be sent. If S1 is 
opened, and remains open, a continuous 
train of R Y s is sent. If S1 is eventually 
closed, the unit finishes its last RY , then 
stops ready to send another. 

construction 
Construction of the RY-reversal gener-

ator is simplified by the full-size etched-
circuit layout of fig. 5. Component loca-
tions are given in fig. 6. This is a compact 
board, and every caution must be taken to 
avoid solder bridges and excessive heat. It 
is recommended that all hole locations be 
dimpled with a sharp scriber, then drilled 
out to no. 60 holes. Enlarge the pot 
mounting holes to no. 40 and 50, as 
required. Brighten the copper with steel 
wool or S O S pad just prior to soldering. 

Surplus flatpack ics worked fine on 
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the original breadboard, but layout clear-
ances were bothersome. This board uses 
popular plastic dual-inline RTL ics. The 
pattern was designed to match an Am-
phenol 143-010-01 connector. Three to 

multivibrator. Use 60-Hz line sweep and 
set the speed pot for minimal motion of 
the Lissajous pattern. This will be a slight 
adjustment! The Lissajous ratio is 
22.5 : 60, or 3/8. 

•f 3.5 V 

fig. 6. Component place-
ment on the printed-circuit 
board. 

four volts at about 75 milliamperes are 
required to power the unit; two flashlight 
cells are fine! 

Ham printer loops are capable of some 
pretty wild transients. Some may develop 
spikes as high as 800 volts. Avoid ground 
loops and long leads common to the loop 
and board supply. A particularly noisy 
loop may require an 0.1 juF disc-ceramic 
capacitor from the board +3V to ground 
right at the Amphenol connector. This 
was not required on the original unit. Be 
sure to observe polarity when connecting 
the generator into a loop, or it will fail to 
print. No damage should result from a 
reverse connection. 

adjustment 
Only one adjustment is necessary. 

Open S1 and set the speed control (R4) 
for an approximate 22.5 Hz square-wave 
at the output of the multivibrator. The 
printer will start typing RYRY as the 
proper frequency is approached. Then, 
for precise adjustment, connect an oscil-
loscope probe to the output of the 

Other speeds may be set on the pot for 
local machine tests, but it is wise to 
observe the FCC limits of 55-65 wpm for 
on-the-air tests. 

There is a certain comfort in having 
nice, clean zero-bias RYs available at the 
flick of a switch. Automatic carriage-
return shows its worth with this unit 
slamming out continuous RYs. 

OIWP SUPPLY 

APPROXIMATELY 2 2 MOB 
FOR EACH lOCV OF SUPPLY 
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fig. 7. Clutch-keyer circuit. 
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clutch keyer 
The clutch keyer of fig. 7 was an 

afterthought. Note that the R Y genera-
tor's clutch-control line is grounded 

popped up in my Mainliner. The mark 
pulses had a high instantaneous current 
when first keyed on. Then the current 
drooped down slightly to the steady-mark 
value. Fig. 8 shows the loop current 

fig. 8. Poor regulation of loop current into 
resistive load. Droop above 60-mA value looks 
like marking bias to milliammeter. (Vertical 
scale, 20 mA per division; horizontal scale, 10 
msec per division.) 

fig. 9. Inductive transients from selector magnet 
may also fool the bias milliammeter. (Vertical 
scale, 20 mA per division; horizontal scale, to 
msec per division.) 

through the diode and 330-ohm resistor. 
The ground inhibits generator operation. 
Every few seconds the neon relaxation 
oscillator fires and momentarily reverse-
biases the diode, which effectively re-
moves the ground from the clutch. As a 
result, one single RY is sent at a 
time — every two seconds. R7 is about 
2.2 meg for each 100 volts of loop 
supply. 

measuring distortion 
A common scheme for measuring bias 

distortion is as follows. First, close the 
loop (steady mark) and measure the loop 
current. Then apply reversal signals to the 
unit under evaluation, and again measure 
loop current. Since the reversal signal is 
half mark and half space, the meter will 
flutter slightly — but its average indica-
tion should be exactly half of the closed 
loop reading. This corresponds to zero 
bias, and any variation indicates the 
presence of gremlins. This seems to be a 
popular method because just about any 
loop milliammeter is suitable for the test. 
But there is a pitfall. 

The regulation of the loop supply may 
influence the bias reading. This difficulty 

waveform through a resistive load. With 
this condition, the meter errantly indi-
cated a duty cycle change. The triangular 
"droop" portion of the signal above the 
steady-mark (60 mA) value appeared as 
marking bias. In this particular case, 
adjustment of a sheer or polar relay to 
reduce the apparent bias would have 
introduced about 8% distortion. 

The situation worsens as inductive 
loads are switched into the loop. Fig. 9 
shows the effect of switching in a 
model-26 selector magnet. 

A better bias measuring scheme is 
given in fig. 10. The zener diode clips at 5 
volts and standardizes the mark pulses. 
Now the meter shows true duty cycle, 
and the reading is not appreciably af-
fected by poor regulation, loop tran-
sients, loop resistance or supply voltage. 

fig. 10. Bias meter measures true duty cycle. 
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The pot is set once and for all at full scale 
on steady mark. Diode D6 assists in 
transient suppression. 

The meter may be calibrated directly 
in bias percentage if desired. Zero current 

/ ^ x s c p t + P 

fig. 11. Full-scale bias scale for 
3-inch Simpson meter. 

for the Western Union machine. Poten-
tiometer R8 translates a compro-
mise duty cycle of 33% to center scale on 
the multimeter for bias-distortion meas-
urements where no reversal generator is 

fig. 12. Full-scale RTTY multi-
meter scale for 3-inch Simpson 
meter. 

corresponds to 100% spacing bias; half 
scale is zero bias; and full scale is 100% 
marking bias. Fig. 11 is a suitable scale 
for a three inch Simpson movement. The 
scale of fig. 12 was developed for the 
multi-purpose RTTY meter shown in fig. 
13. It measures loop current, loop supply 
voltage and bias. 

A steady stream of keyboard-space 
signals has a duty cycle of 31% for the 
standard Teletype equipment, and 35% 

fifl. 13. Circuit for RTTY multimeter. 

IikA 

available. If the distributer is known to be 
free of bias, simply send successive key-
board-space signals at full speed. Read the 
bias at the printing end for an overall 
check. 

For calibration: Set R7 to full scale on 
steady mark. Then set R8 to 66% of the 
resistance or R7. As an alternative, R8 
may be set to zero bias on a good, 
synchronous transm itter-d istr i b utor. 
When R7 is in the circuit, the meter reads 
bias from reversal signals. When R8 is in 
the circuit, the meter reads bias from 
keyboard-spaces. 
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tabulated characteristics 
of vacuum-tube 

and transistor 
amplifiers 

Although there are many active devices 
that are used for generating or amplifying 
af and rf signals, only two, vacuum tubes 
and transistors, are of great interest to 
radio amateurs. These two can be split 
into many sub-categories. However, only 
the conventional vacuum tube in the 
common-cathode configuration and the 
bipolar transistor in the common-emitter 
configuration will be considered in this 
article. 

Transistors are finding great favor 
among both manufacturers and amateurs 
for use in receivers and low-level stages of 
transmitters. The vacuum-tube amplifier, 
however, still ranks as the best choice for 
moderate and high-power stages in radio 
transmitters. 

Intelligent use of either device requires 
that the user have a clear concept of the 
device's capabilities, especially the limita-
tions of these capabilities. Then, too, the 
FCC likes to ask rather searching ques-
tions concerning both vacuum tubes and 
transistors in its amateur license examina-
tions. With the upsurge of interest in 
qualifying for higher-grade licenses, these 
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active devices are having a new and 
inquiring look taken at their character-
istics and capabilities. 

Many books and magazine articles 
have been published on the characteristics 
and applications of vacuum tubes; almost 
as many have been written on transistors. 
Most of these are very good for the study 
of a particular aspect of the subject. A 
tabulation of the relative characteristics 
of the three major classes (A, B, and C) of 
amplifier operation has not had the em-
phasis that interest demands. This aspect 
must be understood clearly if an amateur 
is to make knowledgeable use of such 
amplifiers, whether in equipment of his 
own design or in the correct adjustment 
of manufactured equipment. 

This article is written to provide a 
simple but complete comparison of the 
operating characteristics of class-A, 
class-B, and class-C amplifiers, listed 
under one heading for vacuum tube am-
plifiers and under another for bipolar 
transistors. Class AB1 and class AB2 
operation may be interpolated between 
class A and class B. 

This tabulation makes no pretense of 
being an in-depth exposition of the be-
havior of vacuum-tube amplifiers, and 
most certainly, not of transistor ampli-
fiers. The facts, however, concisely state 
the more important factors that deter-
mine the use to which we put such 
amplifiers, and how we operate them in 
those applications. 
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table 1. Characteristics of vacuum-tube amplifiers. 

Class-A Operation 

Distinguishing property Ability to amplify signals without distortion. 

Desired effect To have the waveform of the output signal be identical, except for 
amplitude, to the waveform of the input signal. 

Method Quiescent grid-bias voltage is set to establish the operating point 
midway on the straight portion of the E c l b characteristic curve. 

Grid signal voltage is limited so it never goes beyond the straight 
portion of the E c l ( j characteristic curve in either the negative- or 
positive-going extremes of signal voltage. 

For triode vacuum tubes, for maximum undistorted output, the plate 
load resistance is set at twice the dynamic plate resistance of the tube. 

Plate voltage is limited to a value that will ensure the tube's rated 
plate dissipation will not be exceeded. 

Distinguishing characteristics Voltage gain is very high 

Power gain is very high 

Grid drive power requirement is extremely low 

Plate current, as measured with a dc meter with signal present, 
remains constant 

Plate current flows 360° during an input signal cycle 

Input impedance is very high 

Output impedance is not critical; however, distortion increases more 
for too-low than for too-high mismatch 

No grid current flows 

Grid-bias voltage source does not have to have low impedance or good 
voltage regulation 

Plate voltage source does not need to have good voltage regulation 

The stage may be used either single-ended or push-pull for either af or 
rf signals 

Stage can not be used as a frequency multiplier 

Oscillators can be forced, by limitation of grid swing, to operate in 
this class 

Efficiency is approximately 20% 
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Class-B Operation 

Distinguishing property Ability to amplify amplitude-modulated signals without distortion of 
the modulation characteristics. 

Desired effect To have the output signal power vary as the square of the input signal 
voltage. 

Method Quiescent grid-bias voltage is set to establish the operating point just 
short of the cut-off point on the E c l b characteristic curve. 

Grid signal voltage may be great enough to drive the grid into the 
positive region. The less it is driven into the positive region, the lower 
will be the distortion of the output signal. 

Plate load resistance is adjusted to the value required to attain the 
desired effect Normally, it is adjusted for very heavy plate current 
loading. 

Plate voltage is limited to a value that will ensure the tube's rated 
plate dissipation not being exceeded even when the plate current is set 
high to attain the desired effect. 

Vacuum tube is selected to have ample cathode emission to meet 
heavy peak current demands. 

Distinguishing characteristics Voltage gain is moderate 

Power gain is moderate 

Plate current, as measured with a dc meter with signal present, may 
vary in relation with signal voltage amplitude. This is the condition 
when amplifying af or ssb rf signals. When amplifying a-m (double 
sideband with carrier), fm, or key-down cw signals, the plate current 
remains constant 

Plate current flows for approximately 180° during an input signal 
cycle 

Input impedance varies from high, when the grid is not excited into 
the positive region, to low, when the grid is driven into conduction 

Output load impedance is quite critical, as its optimum adjustment is 
an important factor in achieving the desired effects 

Grid current may flow; when it flows, it varies in the same manner as 
does the plate current 

Grid-bias voltage source needs low internal impedance and good 
voltage regulation 

Plate voltage source needs good voltage regulation 

Stage makes a moderately good frequency multiplier 

Stage must have push-pull configuration for af use but may be either 
single-ended or push-pull for rf 

Oscillators can be forced to operate in this class 

Efficiency is approximately 30% to 33% for steady-state rf (double 
sideband with carrier, fm, or key-down cw) and may go as high as 
66% for af or ssb rf 
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Class-C Operat ion 

Distinguishing property Ability to respond linearly to amplitude modulation of the plate 
circuit 

Desired effect To have the plate current vary directly with the plate voltage. (The 
plate current, for example, will double when the plate voltage is 
doubled) 

Method Quiescent grid voltage is set to establish the operating point at 
approximately two-and-one-half times the negative potential required 
to cut off plate current flow. A portion of this voltage may come 
from a fixed source; part, however, must come from the IR drop 
across a grid resistor 

Grid signal voltage must be great enough to drive the grid far into the 
positive region, preferably into saturation 

Plate load resistance is not critical; it usually is set by complying with 
the requirement for moderate plate loading 

The vacuum tube is selected to have ample cathode emission to meet 
heavy peak current demands 

Plate voltage is limited to a value that will hold the plate dissipation 
to well within its rated capabilities, preferably to not over 6 0% of the 
rate capability; also, the plate voltage must not exceed one-half the 
flash-over voltage rating for the tube 

Distinguishing characteristics Voltage gain is very low 

Power gain is low, averaging about 10 

Grid drive power requirement is high 

Plate current, as measured with a dc meter under modulation 
conditions, remains constant 

Plate current flows between 60° and 90°, depending on bias and 
drive, during an input signal cycle 

Input impedance is low 

Output impedance is not critical; generally it is established by the 
requirement that the plate current should not exceed about 60% of 
the tube's rated capability 

Heavy grid current flows 

Grid-bias voltage source does not need good voltage regulation 

Plate voltage source needs good voltage regulation 

Efficiency is approximately 6 5% to 75% 

The stage may be used in either single-ended or push-pull con-
figuration 

The stage makes an excellent frequency multiplier 

Oscillators normally operate in this class 
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table 2. Characteristics of bipolar transistor amplifiers. 

Class-A Operation 

Distinguishing property Ability to amplify signals without distortion 

Desired effect To have the waveform of the output signal to be identical, except for 
amplitude, to the waveform of the input signal. 

Method Quiescent base current is set to establish the operating point midway 
between the cut-off and saturation points on the ac loadline 

Base signal voltage is limited to produce equal variations of collector 
current for both positive- and negative-going excursions of base-
emitter signal voltage 

Load resistance is made equal to the value of the collector-emitter 
voltage divided by the coffee tor current 

Collector-emitter voltage is limited to a value that will not permit the 
transistor's dissipation to exceed the rated power under any condition 
of signal voltage 

Distinguishing characteristics Voltage gain is very high 

Power gain is high 

Base-emitter drive power is moderate 

Collector current, as measured with a dc meter with signal present, 
remains constant 

Collector current flows 360° during an input signal cycle 

Input impedance is quite low 

Output impedance is not critical 

Base-emitter current flows 360° during an input signal cycle 

Collector voltage source does not need good voltage regulation 

The stage may be used either single-ended or push-pull for either af or 
rf signals 

The stage cannot be used as a frequency multiplier 

Oscillators can be forced, by limitation of base-emitter voltage swing, 
to operate in this class 

Efficiency is low, running from 20% to 30% 
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Class-B Operat ion 

Distinguishing property Ability to amplify amplitude-modulated signals without distortion of 
the modulation characteristics 

Desired effect To have the output power vary as the square of the input signal 
voltage 

Method Quiescent base-emitter current is set to establish the operating point 

just short of collector current cutoff 

For rf linear-amplifier service, a transistor is selected to have: 

1. A flat beta curve 

2. Multiple emitters, each with an integral bias resistor 

3. High second-breakdown characteristic 

4. Power dissipation at least twice the power at which it will be 
operated 

For rf linear-amplifier service, the peak collector current swing is 
limited to only 3 0% of the rated maximum current 

Collector toad resistance is adjusted to the value required to attain 
linearity; normally, it is adjusted for very heavy collector current 
loading 

Distinguishing characteristics Voltage gain is moderate 

Power gain is moderate 

Collector current, as measured with a dc meter with signal present, 
may vary with signal voltage amplitude 

Collector current flows for approximately 180° during the input 
signal cycle 

Input impedance is low 

Output impedance is quite critical, as its optimum adjustment is an 
important factor in achieving the desired results 

Base-emitter current will flow during slightly over 180° of the input 
signal cycle 

Base-bias source must have low internal resistance 

Collector voltage source must have good voltage regulation 

The stage makes a good frequency multiplier 

The stage must have push-pull configuration for af use but may be 
either push-pull or single-ended for rf use 

Oscillators can be forced to operate in this class 

Efficiency varies from 30% to 66% 

march 1971 gg 3 5 



Class-C Operation 

Distinguishing property Ability to respond linearly to amplitude modulation of the collector 
circuit 

Desired effect To have the collector current vary directly with the collector voltage. 
(The collector current, for example, will double when the collector 
voltage is doubled) 

Method Quiescent base-emitter current is zero; the base-emitter voltage is 
biased so that a small signal voltage is required to cause base-emitter 
(and collector-emitter) current to flow 

Input signal voltage must be great enough to drive the transistor to 
collector saturation. Because of the decreasing efficiency of a 
transistor under high excitation, the input signal also must be 
amplitude modulated. This serves two purposes: it supplies the extra 
peak excitation to keep the output power up during upward 
modulation peaks, and decreases the excitation to lessen feed-through 
during downward modulation swings 

Collector load resistance is not critical 

Collector voltage must be limited to not over one-half, and preferably 
not over one-fourth, the rated maximum voltage 

Distinguishing characteristics Voltage gain is very low 

Power gain is low, from 3 to 10 dB 

Base-emitter drive power is quite high 

Collector current, as measured with a de meter under voice 
modulation conditions, remains constant 

Collector current flows between 90° and 160°, depending upon base 
bias and drive, during an input signal cycle 

Input impedance is very, very low 

Base-emitter current is high under signal conditions 

Base-bias source does not need good regulation 

Collector voltage source requires good regulation 

Efficiency is approximately 6 5 % to 75% 

The stage is useful only in rf service and may be used either 
single-ended or push-pull 

The stage makes an excellent frequency multiplier 

Oscillators normally operate in this class 

ham radio 
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plain talk 
about 

repeater problems 

Intermodulation 

and desensitization 

are the two most 

serious problems faced 

by repeater users — 

here is a discussion 

of some solutions 
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There are presently over 300 vhf amateur 
repeaters in use in the USA and Canada. 
Although a number of articles have been 
written on the subject, very little has 
been published about some of the prob-
lems. Basically, a repeater receives a signal 
on one frequency and transmits it on 
another. A carrier-operated relay is nor-
mally used to turn on the transmitter 
with an incoming signal. One of the 
biggest repeater problems is desensitiza-
tion intermodulation and transmitter 
noise in the receiver. With proper design 
this problem can be alleviated. 

The transmitter interferes with the 
receiver in two ways. First, the high signal 
power overdrives the grids of the receiver 
rf mixer or i-f tubes and causes grid 
current to flow. This grid current pro-
duces bias voltages which reduce receiver 
gain; this is desensitization. Secondly, the 
output of the transmitter consists of a 
carrier, sidebands and noise. Since the 
noise spreads to either side of the carrier, 
a portion of this noise spectrum falls on 
the receiver frequency, causing further 
receiving problems. 

For successful operation, the following 
items must be kept in mind when design-
ing a repeater: frequency spacing, an-
tenna separation and transmitter power. 
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fig. 1. Isolation between transmitter and re-
ceiver to protect the receiver from transmitter 
noise and desensitlzation. 

ceiver desensitization. With very little 
separation, the effect of transmitter noise 
is predominant. At greater frequency 
separations, the effect of receiver desen-
sitization becomes greater (fig. 1). 

It is generally agreed that the mini-
mum frequency spacing should be 550 
kHz if equipment is physically in one 
location and two antennas are used. The 
most common amateur repeater receives 
on 146.34 MHz and transmits on 146.94 
MHz, a separation of 600 kHz. An even 
larger frequency separation is desirable to 
reduce the problems discussed. 

antenna separation 
Antenna separation is a very important 

factor. Most repeaters use vertical polari-
zation since the mobile stations use ver-
tical antennas. One solution to this prob-
lem is shown in fig. 2A where the 
transmit and receive antennas are physi-
cally remote from each other. An inter-
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REPEATER 
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V w 

o 
fig- 2. Use of separate antennas for transmitter and receiver. 

frequency spacing 
The closer the frequency of the trans-

mitter is to the receiver, the more severe 
the effects of transmitter noise and re-

connecting link on 220 or 450 MHz 
connects the units together. This system 
is expensive but antenna isolation is 
nearly ideal. 
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fig. 3, Attenuation 
provided by hori-
zontal separation of 
dipole antennas. 
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The more common, less expensive 
method uses one location (fig. 2B). The 
antennas are separated vertically or hori-
zontally from each other. Figs. 3 and 4 
show relative attenuation using vertical or 
horizontal separation. Vertical separation 
provides better isolation and is recom-
mended for repeater operation. The top 
antenna is normally used for receiving 
while the lower one is used for transmit-
ting. 

transmit power 
Interference problems increase as the 

power is increased. Most repeaters oper-

ate in the 25 to 50 watt range since 
mobiles use about the same power out-
puts. There is no point in running high 
power unless the mobile and base stations 
are also high powered. Obviously, a re-
peater gains little with a transmit range 
that is much greater than its received 
range. 

cavity filters 
Cavity filters are excellent devices for 

reducing interference problems. Loops 
are used to insert and extract energy from 
the cavity. The degree of coupling can be 
controlled by rotating the loops; this 

fift. 4. Attenuation 
provided by vertical 
separation of dipole 
antennas. 
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fig. 5. Selectivity curve for 
Decibel Products DB-4001 single 
cavity. 

and the transmitter output circuit is any 
multiple of a half wavelength, the cavity, 
if not tuned to resonance, will present a 
short circuit to the transmitter. 

To remedy this, cable length should be 
an odd multiple of a quarter-wavelength. 
The transmitter will then see a high 
impedance when the cavity is off reson-
ance, and danger of transmitter damage is 
much smaller. Cable length B in fig. 6 is 
not critical. 

bandpass cavities in receivers 
Fig. 7 shows a cavity installed between 

the antenna and receiver. Coaxial cable 
length is not critical. The frontend selec-
tivity of the receiver is improved by 
rejection of off-frequency signals that 
would otherwise desensitize the receiver 
or cause intermodulation interference. If 
greater selectivity is required, two or more 
cavities can be connected in series. 

determines cavity insertion loss and selec-
t ivity. The more selective the cavity, the 
higher the insertion loss. 

When a bandpass cavity is installed in 
the output of a transmitter it will pass the 
carrier and sidebands and attenuate near-
ly all other frequencies. The amount of 
attenuation depends on the frequency 
spacing between the undesired frequency 

7 
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fig. 7. Using a bandpass cavity with a receiver. 

fig. 6. Using a bandpass cavity with a trans-
mitter. Cable length A should be an odd 
multiple of a quarter wavelength. 

and the carrier frequency. A typical 
bandpass cavity frequency vs attenuation 
curve is shown in fig. 5, and a typical 
application is shown in fig. 6. 

The cavity presents an impedance of 
approximately 5 0 ohms at resonance but 
the off-resonance impedance of the cavity 
loop is very low. This makes coaxial cable 
length (A in fig. 6) very important. If the 
electrical length between the cavity loop 

checking for interference 
1. Switch on the transmitter while 
receiving a weak signal and watch the 
limiter current. If it decreases, the 
receiver is being desensitized. T ry ad-
ditional attenuation in the receiver by 
adding a cavity. 

2. With no signal input, switch on the 
transmitter. If limiter current in-
creases, transmitter noise is being re-
ceived. Try additional attenuation in 
transmitter by adding a cavity. 

other items to consider 
The coax cables between transmit and 

receive antennas should never be run 
together physically. The shielding of 
RG-8 /U , for example, is only about 80% 
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efficient, and some coupling will result. 
Also, the transmitter and receiver should 
be physically separated in the mounting 
bay. Both units should be well grounded 
and may require shielding if a problem 
exists locally and not by the antennas. 

Another good method of reducing 
receiver desensitization was described by 
W5KPZ.1 He places a crystal across the 
antenna coil of the receiver. The crystal is 
an overtone type that is resonant at the 
frequency of the interfering signal (fig. 
8). 

duplexers 
A duplexer is used to permit operation 

of a transmitter and receiver on one 
antenna. It uses a number of resonant 
cavities to provide sufficient isolation 
between units. At close frequency spac-
ings duplexer adjustment is very critical 
to obtain sufficient isolation. Duplexers 
for close spacing (0.5 to 1 MHz) commer-
cially cost anywhere from $500 to 
$1000. 

rf interference 
Rf interference is occurring more fre-

quently since the frequency spectrum is 
becoming more and more crowded. Many 
mountain-top sites have many repeaters 
located near each other and using the 
same power levels. As a result many 
interference problems exist. 

Rf interference can be defined as, "rf 
power which interferes with the reception 
of the desired signal thus causing reduced 
intelligibility." Receiver selectivity is of 
the utmost importance since an off-fre-
quency signal can enter the front end of a 
receiver even though it is rejected later by 
i-f selectivity. A number of problems can 
occur, including desensitization, inter-
modulation and receiver spurious re-
sponse, Most commercial manufacturers 
use high-Q rf filters to obtain better rf 
selectivity. 

intermodulation 
Intermodulation products (IM) are 

generated when two or more frequencies 
are mixed. They can occur in the trans-
mitter, usually in the power amplifier 

table 1. Calculating intermodulation products. 

Order 

2nd 
3rd 
4th 
Sth 

Formulas for Calculating Possible 
Intermodulation Products 

A ± B 
A ± 2B, 2A ± B 
A ± 3B, 2A ± 2B, 3A ± B 
A ± 4B, 2A ± 38, 3A ± 2 B , 4A ± B 

stage, or in the receiver, usually at the 
first converter. IM products can be re-
duced by using bandpass or band-reject 
cavity filters that are tuned to the inter-
fering signal. 

Table 1 shows the new frequencies 
which can be produced by intermodula-
tion. The third- and fifth-order products 
are the ones most likely to cause trouble. 
And, when a number of transmitters are 
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fig. 8. Installation of a suck-out crystal to 
reduce receiver interference. Crystal is same 
frequency as that of the interfering signal. 

located in the same general location, the 
IM problem becomes very difficult and 
complex. 

spurious responses 
Spurious receiver responses fall into 

three general categories, i-f response, 
local-oscillator spurious response and 
image response. 

1. I-f response results when inter-
ference at the i-f frequency enters the 
receiver. 

2. Local oscillator spurious response 
occurs when an off-frequency signal 
enters the receiver and mixes with a 
harmonic of the local oscillator to 
produce an i-f frequency. 
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3. Image response; the image is twice 
the i-f frequency plus or minus the 
desired signal (depending on whether 
the local oscillator is above or below 
the incoming signal). 

spurious radiation 
Transmitters can cause interference to 

nearby receivers even if it is within the 
FCC or DOT requirements of 60 or 70 dB 
down. Interference can come from several 
sources, including the spurious of a trans-
mitter crystal oscillator, second and third 
harmonics of the operating frequency, or 
from the 150-MHz energy in the tripler 
stage of a 450-MHz transmitter. 

intermodulation tests 
transmitters If a receiver is interfered 
with when two transmitters are on the 
air, place a pad between one of the 
transmitters and the antenna. If the inter-
ference level decreases by twice the dB 
value of the pad, the undesirable fre-
quency mix is taking place in the trans-
mitter with the pad. This is because the 
signal from the second transmitter is 
attenuated on entering the first trans-
mitter, and the intermodulation products 
are attenuated on the way out. If the 
intermodulation is taking place in the 
transmitter without the pad, the inter-
fering signal will be reduced only by the 
dB value of the attenuator. 

receivers If intermodulation is suspected 
in a receiver, install an attenuation pad in 
the receiver antenna circuit. For each dB 
of attenuation in the pad, 3rd order 
products will be reduced by 3 dB, and 
fifth-order products by 5 dB. If the 
interfering signal is generated outside the 
receiver it will be reduced by the value of 
the pad. 

references 

1. D. Baxter, W5KPZ, and J. Douglas, W50BV, 
'Two-Meter Repeater," 73, September, 1966, 
p. 58. 
2. R. C. Trott, "Considerations in the Use of 
Cavities and Duplexers," Decibel Products, Inc., 
Dallas, Texas. 
3. General Electric Datafile bulletins 10002-2, 
10007-2 and 10007-4. 
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the cord over 
audio-oscillator 

module 

Introducing 

a completely assembled 

circuit board 

that has many 

amateur applications — 

for less than 

a dollar! 
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The circuit shown in fig. 1 is undoubtedly 
one of the best bargains available when 
one considers the many uses to which it 
can be adapted. 

Known as the Cordover module,* the 
circuit is designed as an audio oscillator. 
A pnp low-power audio driver is coupled 
to an npn 5-watt output stage. The only 
other parts of the complete module are a 
33k resistor and a .02 fjiF capacitor. As no 
heat sink is provided, full power can't be 
obtained without ruining the output tran-
sistor. An advantage (or disadvantage, 
depending on how you look at it) is that 
the module is designed to work directly 
into the voice coil of any speaker from 3 
to 16 ohms without a matching trans-
former. Only 3 volts (two size D cells) are 
needed for efficient operation. Terminals 
are provided for an on/off switch or key. 
The circuit will switch with a bug set at 
its fastest speed. 

Audio output is sufficient for most 
applications; but if greater output is 
desired, 6 volts may be used at consider-
ably greater battery drain and consequent 
shorter battery life. I measured the cur-
rent at 3 volts, and it varies between 
50-60 mA over the whole audio range of 
oscillation. Dc input measures 0.18 watt. 

'Available from Allied Radio Shack, bubble-
packed with instructions, for 984. Listed in 
their 1971 catalog as no. 20-1155. 
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The efficiency seems to be close to 50% 
with just under 100 mW output available. 

changing audio frequency 
Because many beginning hams or ex-

perimenters may not have an audio gener-
ator to calibrate the module, and may 

spot-frequency applications 
Table 2 shows the effect of changing 

the value of the resistor supplied with the 
module. Various values of resistance were 
connected in parallel with the 33k unit. 
The data in the table was obtained with a 
.25 /uF capacitor in the circuit, which 

fig. 1. Schematic of the 
bargain audio oscillator 
module. Unit comes com-
pletely assembled and 
wired, ready for numerous 
amateur applications. 

33,000 

5 WATT 
NPtt 

0.0giiF 

"If 
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KEY OR SWITCH 

3 TO 30 OHM SPEAKER lm) 

desire to use it at a frequency other than 
that at which it's set, I made up table 1 so 
anyone may choose the desired frequency 
and substitute the designated capacitor 
for the one supplied. The tone will be 
within a few Hz of that specified in the 
table, allowing for variation in transistors 
and components. Although specifications 
mention 1000 Hz (as supplied with the 
.02-/iF capacitor installed), I measured 
960 Hz on all modules tested, which 
seems close enough. 

ssb testing 
I use these modules for tone-testing an 

ssb transmitter. Two are used for a 2-tone 
test at full modulation. (An article is in 
preparation on this use of the module.) 
Although the observed audio waveform is 
closer to a square wave than a sine wave, 
no difficulty was encountered in evalu-
ating ssb transmitter performance. 

other uses 
The module can be used as part of an 

off-the-air monitor;1 as the subcarrier 
source for a voice scrambler;2 and, with 
an integrator circuit, as a pulse timing 
source. 

produced the basic (nominal) frequency 
of 250 Hz. This experiment was made to 
show how the basic module frequency 
can be changed by a few Hz to hit a spot 
frequency between those afforded by 
various capacitor changes, Five-percent-

table 1. Module frequency as a function of 
capacitor value. Capacitors shown were substi-
tuted for the .02 (iF unit supplied with the 
module. Measurements were taken with 3 Vdc 
at 50-60 mA. 

Capacitor Value 
(MF) 

40 (electrolytic) 
10 (electrolytic) 
.5 
.25 
.1 
.05 
.02 
.01 
.005 

.0025 

.001 

Measured Frequency 
(Hz) 

.5 
10 

160-170* 
280* 

400-450* 
690 
890-960 
1440 
2800-2900 
(harmonic 5700)** 
4400 
(harmonic 14,000)** 
7000*** 

* varied with capacitor tolerance. 
* * harmonic as strong as fundamental. 
* * * o u t of hearing range but strong. 
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table 2. Module frequency change as a function 
of resistor value. Value shown In first column 
was connected in parallel with the 33k unit 
supplied. 

Resistance Observed Frequency Measured 
(kilohms) Increase Frequency 

(Hz) (Hz) 

1000 5 255 
560 10 260 
330 15 265 
180 25 275 
100 50 300 

56 105 355 
33 175 425 

tolerance resistors were used, so a devia-
tion may be found in the numbers given 
if you use resistors with different toler-
ances. The frequency can deviate from 1 
Hz with a 1 megohm resistor to perhaps 5 
Hz with 33k. 

harmonic output 
Unless the module is fully loaded with 

a speaker, harmonics and subharmonics 
can develop at the higher-frequency 
ranges. This condition can be detected by 
an increase in current from the nominal 
(50-60 mA) to 90-100 mA. I ran into this 
problem when using matching trans-
formers as loads when the transformers 
were not sufficiently loaded to reflect a 
low (3-30 ohm) impedance to the tran-
sistor output. 

fm applications 
The information in the paragraphs 

above suggests the possibility of using 
these modules for tone-frequency-con-
trol led keyers to actuate two-way fre-
quency-shift mechanisms in certain fm 
transmitters. Another possibility is their 
use as function (tone) controls to actuate 
fm repeater transmitters. 

In tests, the Cordover module fre-
quencies were as stable as those obtained 
in touch-tone telephones. With a little 
juggling of components, exact zero-beats 
to these frequencies could be obtained. 

No frequency shift was noticeable in 
any of the ranges when fresh batteries 
were used. As a matter of fact, fre-

quencies were so stable it occurred to me 
that eleven of these little modules might 
be used to construct an inexpensive elec-
tronic organ. If more than 1 octave were 
desired, the modules could be followed 
with one or more "times two" ICs. The 
keyboard would probably cost more than 
the electronics. 

Just one of these modules furnishes an 
excellent audio source for testing mono 
or stereo amplifiers, from the pickup 
right through the speakers; PA amplifiers 
ditto — from microphone or phono input 
to speakers. An inexpensive 6ohm to 
high-impedance miniature transformer 
comes in handy in such applications. 

For 98«i, the Cordover audio oscillator 
module is hard to beat. 

references 
1 . J . A . Houser, WB2GQY, "A CW Monitor," 
73, March, 1970, page 76. 

2. J. Pina, "A Subcarrier Source for a Voice 
Scrambler," Popular Electronics, March, 1970, 
page 42. 

ham radio 

Yeah — the QTH used to rotate about 20° 
until I put in the shack clamps! 
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rating tubes 
for 

linear amplifier 
service 

Peak envelope power 

and 

intermodulation 

distortion 

are important parameters 

when selecting tubes 

for linear amplifiers — 

here's what they mean 

and how they are measured 
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The power-handling capability of a given 
tube in single-sideband service depends 
upon the nature of the signal being 
transmitted and the tube's power dissi-
pating capability. The method of estab-
lishing single-sideband service ratings 
should be such that relatively simple test 
equipment can be used to determine 
whether or not a tube is operating within 
its maximum ratings. 

It is impractical to establish a rating 
based on voice-signal modulation because 
of the irregular waveforms and the vary-
ing ratios of peak-to-average signal power 
found in different voices. The most con-
venient rating method, and probably 
most practical, uses a single-tone audio 
signal to modulate the ssb transmitter. By 
using this test signal at its full modulation 
capability, the amplifier will operate 
under steady, maximum-signal conditions 
which are easily duplicated and observed. 

When a single sine-wave tone modu-
lates a single-sideband transmitter the rf 
output appears as a steady, unmodulated 
signal on an oscilloscope (see fig. 1A). 
This is because the output is a continuous 
signal having a frequency removed from 
that of the carrier by the modulating 
frequency, as shown in fig. 1B. 

two-tone tests 

Consequently, the operation of a 
linear amplifier under single-tone modula-
tion is comparable to that of a cw 
transmitter under key-down conditions. 
As such, the performance of the power-
amplifier stage at maximum signal (or 
peak) conditions can be determined from 
meter readings. However, this simple test 
lacks information on the linearity of the 
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fig. 1. R f output of ssb transmitter with 
single-tone modulation. Oscilloscope pattern is 
shown in A; spectrum is shown in B. 

stage. To study linearity by observing 
amplifier output, some means must be 
provided to vary the output signal level 
from zero to maximum with a regular 
pattern that can be easily interpreted. A 
simple means is to use two equal-ampli-
tude audio tones to modulate the ssb 
transmitter. This is termed a two-tone 
test. With this procedure the transmitter 
emits two steady signals separated by the 
frequency difference of the audio tones 
(fig. 2). 

In some ssb generators, the two-tone 
signal is obtained by impressing a single 
tone at the audio input and injecting the 
carrier (by unbalancing the balanced 
modulator) to provide the second equal 
amplitude rf signal (fig. 3). The resultant 
beat between the two rf signals produces 

a scope pattern which has the appearance 
of a carrier 100 per cent amplitude-modu-
lated by a series of half sine waves as 
shown in fig. 4. 

When using the two-tone technique to 
measure the distortion of a linear rf 
amplifier it is sometimes more expedient 
to use two rf signal sources (separated in 
frequency by the desired number of 
cycles) and to combine them in a manner 
which will minimize the interaction be-
tween them. The two rf signals represent 
the two equivalent sideband frequencies 
generated by the two-audio-tone system 
and produce exactly the same scope 
pattern. 

A linear amplifier is usually rated at 
peak envelope input or output power 
level. Peak envelope power (PEP) is the 
root-mean-square (rms) power generated 
at the peak of the modulation envelope. 
With two-tone or single-tone test signals 
the approximate relationships between 
single-and two-tone meter readings, peak 
envelope power and average power (class 
B or AB operation) can be determined 
from the formulas shown in appendix 1. 
Although the equations for average power 
output are different for the two tests, the 
PEP formulas are identical. 

CARRIER • •—I5CD-Hr 
SSB SIGNAL 

FREQUENCY (kHz) 

fig. 3. Spectrum of ssb transmitter modulated 
by 1500-Hz tone and injecting carrier to obtain 
second rf signal equal In amplitude to the tone. 

fig. 2. Spectrum of ssb transmitter modulated 
by a two-tone test signal containing 400- and 
2500-Mz tones and transmitting upper side-
band. 

CARRIER _ 
(NOT TRANSMITTED) SSB SIGNAL 

i 1 r 
FREQUENCY (kHz) 

£000-Nr 
SSB SIGNAL 

multitone relationships 
The approximate equations given in 

appendix 1 are for single- and two-tone 
conditions, the most common test situa-
tions. However, in some multi-channel 
transmitter applications many more tones 
are used. The following method can be 
used to determine the peak-envelope-
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power to average-power ratio. (For the 
purposes of this explanation it is assumed 
that all the tones are equal.) 

The following examples demonstrate 
two important relationships between 

one-half that of the single-tone case, so 
the resultant peak envelope power ratings 
are identical.* 

The two test frequencies <fi and f2) 
are equal in amplitude but slightly dif-

single and multitone signals amplified by 
a linear system. 

Assume the amplifier is set up for a 
single-tone driving signal and a Point " A " 
on the operating line is established (see 
fig. 5). A definite PEP output is de-
veloped under this condition. To drive 
this linear amplifier to the same PEP 
output with a multitone signal, the drive 
signal voltage for each tone must be 1/nth 
(n = number of tones) the amplitude of 
the single-tone signal. 

By assuming a perfectly linear ampli-
fier where the input waveshape is exactly 
reproduced in the output load, these grid 
waveshapes can be used to demonstrate 
the relationship of PEP to Average Power. 

For the single-tone case, PEP = Aver-
age Power; for the two-tone case, 
PEP = twice Average Power. However, in 
the two-tone case the average power is 

fl®. 4. Scops pattern of 
sib transmitter modu-
lated by two-tone test 
signal. 

ferent in frequency. As a result, when 
they are exactly in phase the two crest 
voltages add directly to produce the crest 
of the two-tone envelope. When the two 
frequencies are exactly out of phase the 

"This is best illustrated with two practical 
examples. 

single-tone 

Average power - • 

PEP = 

Ej ( rm s>2 ( V 2 ) 1800 
r L 

W 

Ej{rms)2 

R l 

1800 
Ri 

W 

Therefore, PEP * average power 

two-tone: 

Ej ( rms ) 2 E 2 ( rms ) 2 

Average power = P l a v g + P 2 a v g = + 

2 (—\ 

PEP = 

Rj_ R L
 R L 

< e l r m s + E 2rms> 2 

450 + 450 

R l 

900 

R l 
w 

ifcD 
(3) 1800 

R l 
w 

Therefore, PEP = 2 x P a v g 
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cusp of the two-tone envelope results (see 
fig. 6). 

Note that the voltage amplitude at the 
crest of the resultant two-tone envelope is 
equal to that of the single-tone envelope 

the single- and two-tone examples. 
These results (equal amplitude tones) 

may be summarized by the following 
expressions: 

I 

• »3 

• 50 

• 2 3 

-23 

-SO 

-73 

CONST* 
A 

kNT-CURRENT 

30 

WYES 

e.o 

\ 1.0 

0 

2000 3000 4000 
PLATE VOLTAGE tVOLTS) 

fig. 6. Two-tone condition. 

and therefore the tube is driven to the 
same point on the operating line in each 
case. If the tube is driven to the same 
peak plate current and the same peak 
plate voltage swing by different excita-
tion signals, then the peak envelope 
power output for both signals is the same. 

PEP = n2 Pt 

Where Pa v g is the average power of the 
composite signal, Pt is the average power 
in each tone, and n is the number of 
tones. 

PLATE VOLTAGE (VOLTS) 
fig. 7. Three-tone condition. 

The same holds true for a three-tone 
test signal. Note that the sum of the 
three individual tone-crest exciting volt-
ages add in phase to drive the tube to the 
same peak current and peak plate voltage 
swing as that of the single-tone case (see 
fig. 7) so the PEP output is the same as 

example 
An fm repeater is to be designed to 

simultaneously rebroadcast one to eight 
channels. Each channel must have an 
average power output of 100 watts. How 
much peak envelope power must the 
linear amplifier deliver? 
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Each channel can be considered to be 
a single-tone signal. Therefore, the PEP of 
each channel is equal to the average 
power of each channel. The maximum 
power output requirement of the ampli-

Peak envelope power is the root-rnean-
square power at the crest of the envelope. 
This term is usually shortened to PEP. 
Idling plate current determined by the 
operating point is called the zero-signal 

fig. 8. Graph show-
ing Intsrmodulatlon 
distortion products. 
As drive is in-
creased, the various 
JMD products pass 
through maxima 
and minima. Mis-
leading conclusions 
can be drawn if the 
equipment is tested 
near a cusp on the 
IMD curve where a 
p a r t i c u l a r I M D 
product drops to an 
extremely low level. 

Eg (MAX) 
Eo 

fier will be under the 8-tone condition. 
The average power output for the com-
posite 8-tone signal will be 8 times the 
100 watts-per channel power. Therefore, 
the linear amplifier must be capable of 
800 watts of average power output. 

The peak envelope power will be eight 
times the average power of the composite 
signal {PEP = nPavg) or 6400 watts. A 
tube must be selected to deliver this 
peak-envelope and average power at an 
intermodulation distortion level compati-
ble with the degree of interchannel cross-
talk that can be tolerated. 

measurement standards 
To describe adequately the perform-

ance of a tube in single-sideband linear 
service, it is necessary to determine many 
parameters. The normal electrode volt-
ages and currents must be specified as 
well as the two-tone currents, the oper-
ating point, peak envelope power and the 
magnitude of the intermodulation-distor-
tion products. These parameters are de-
fined as follows: 

appendix 1 
Approximate relationships between meter read-
ings, peak envelope power and average power 
for class B or AB operation with one- and 
two-tone tests. 

parameter 

dc plate current 

single-tone two-tone 

lh = •pm , _ 21 pm 
It 7T2 

plate Input (watts) P i n 
'pmEb „ = 2lPT>eP 

i P«" 7T2 

average output (watts) PQ = 'P m e fL p_ = ' p m e P 4 8 

p - 'pmflp _ 'pmc 

P° 4 P° T 
PEP (watts) 

TTft / IT \ A plate efficiency n p = N p = ^ " J E-

definition of symbols: 

•pm = P®ak o f t h e P l a t e current pulse (plate 
current pulse is not sinusoidal) 

e p =peak value of plate swing, assumed to be 
sinusoidal when tank-circuit has sufficiently 
high Q. 

Efc, = dc plate supply voltage 
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plate current and is designed l^o-
The other two plate current values of 

significance are the single-tone plate cur-
rent and the two-tone plate current The 
ratio of single- to two-tone current is 
1.57:1 in a true class B amplifier (180° 
plate conduction angle). For other classes 
of linear operation and for different 
zero-signal plate currents, this ratio varies 
from 1.1 to 1.57:1. 

The standard method of specifying the 
magnitude of the distortion products is to 
specify the reduction in decibels of one 
product from one tone of a two-equal-
tone signal. 

For example, assume that a particular 
tube under a given set of operating 
conditions has third-order distortion 
products of -35 dB and fifth-order distor-
tion products of -50 dB, This means that 
the third-order product has an amplitude 
of 35 dB below one of the two test tones 
and the fifth-order product has an ampli-
tude 50 dB below one of the two test 
tones, (tt is also correct to add the 
amplitudes of the two third-order 
products and compare them to the sum 
of the two tones. The decibel ratio is still 
the same as the example.) 

It is not correct to compare one 
distortion product to the sum of the two 
tones; that is to say, the PEP value of the 
signal. The resulting distortion figure 
would be 6 dB better than the correct 
example (-41 dB rather than -35 dB and 
-56 dB rather than -50 dB). 

Normally the tube under test is ad-
justed to the full drive condition, and all 
the pertinent parameters are measured. 
The drive signal is then reduced. At each 
test point, all the parameters are 
measured again. The resulting data can 
then be plotted as a function of drive 
voltage. 

It should be noted that maximum 
intermodulation distortion does not 
necessarily occur at maximum drive level, 
and it can be shown mathematically that 
an intermodulation characteristic like fig. 
8 can be expected. In practice there is 
very good correlation between mathe-
matical prediction and actual test results. 

ham radio 
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b v larry alien 

sweep response curves 
for low-frequency i-f's 

You've been reminding me. Some months 
ago I promised to show you how to 
display a sweep response curve for low-
frequency i-f stages. This month, I keep 
that promise. 

As you know, test equipment people 
have quit making sweep instruments that 
can be used at 60 kHz, 455 kHz, and 
other low intermediate frequencies. Elec-
tronically-swept rf generators of today 
have two drawbacks at those frequencies. 
First, their center frequencies seldom go 
below 4 MHz. Second, their sweep 
doesn't swing the frequency wide enough 
at the low end to reach that far below 4 
MHz. 

What's worse, not all present-day 
sweep generators even go down that far. 
Instead, they're designed exclusively for 
television sweep alignment. A few include 
a 10.7-MHz center frequency for sweep-
ing i-f strips in commercial fm receivers. 

There is a way you can generate a 
sweep curve centered on ham i-f fre-
quencies. You can do it with a sweep 
generator that doesn't go near those low 
frequencies; all you need I s an rf gener-
ator to use with the sweep instrument. 

The secret, as you may have guessed, is 
heterodyning. Let's review some of the 
fundamentals of "beat frequencies" and 
be sure you understand what's happening 
in the method I 'm about to describe. 

one and one make four 
If you mix two rf signals together in 

some kind of nonlinear stage, they beat 
together in a process known as hetero-
dyning. The output of this nonlinear 
mixer stage is four signals. Two of them 
are the same as the original signals, one is 
the sum of their frequencies, and one is 
the difference. 

For example, suppose you mix a 
10-MHz and a 9-MHz signal in the non-
linear mixer stage. The outputs are: 1 
MHz (the difference), 9 MHz, 10 MHz, 
and 19 MHz (the sum). Which output you 
use depends on your purpose. In a super-
het receiver, you might pick the differ-
ence—to form an intermediate fre-
quency. In a sideband transmitter, you 
might pick the sum—the 1 9 - M H z - t o 
raise the signal to a communications 
frequency. 

For the purpose I 'm describing in this 
repair bench, you approach this same 
principle from another direction. What 
you need to do is convert a high fre-
quency to whatever is used in the i-f 
stages. To do that, you mix in a signal 
whose frequency is displaced from the 
available sweep signal by exactly the i-f. 

Let me cite an example. Suppose the 
sweep signal is at 10 MHz, and the i-f 
strip you want to sweep operates at 1 
MHz. You can mix a plain rf signal of 9 
or 11 MHz with the sweep rf signal. 
Either frequency produces a difference 
heterodyne of 1 MHz (1000 kHz). They 
also produce sum heterodynes, but the i-f 
tuned circuits reject any but the 1-kHz 
frequency. 

heterodyned sweep signals 
If you saw my earlier repair bench 

about sweep alignment in ham gear 
(April, 1970 issue), you know how a 
sweep signal is made up. It has a center 
frequency, which is the frequency at 
which the sweep generator dial is set. 
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Here's what this means: A sweep signal 
that is 1 MHz (1000 kHz) wide swings 
500 kHz above and 500 kHz below the 
center frequency. If the center is 10 MHz, 
the frequency swings from 9.5 MHz to 
10.5 MHz, and does it back and forth 60 
times every second. 
That frequency is swept upward and 
downward from center. How far up and 
down depends on the setting of the 
Sweep Width control. The sweep rate of 
most generators today is 60 times per 
second. 

The thing about this idea is that you 
can make the center frequency of the 
"new" sweep signal whatever you want it 
to be merely by choosing the unmodu-
lated rf signal you mix with the original 
sweep signal. 

using what you have 
You can use almost any sweep gener-

ator. Best results come from using the 
lowest sweep frequency you have avail-
able. Just be sure the sweep width is 
usable. 

M o d e m Sweep and rf equipment, 
although not really made for low-
frequency sweep, can produce it. 
Chief secret is homemade mixing 
device in fig. 1, and what you do 
with the instruments. 

Visualize what happens when this 
same sweep signal is converted to some 
other frequency. The arithmetic is simple. 
Imagine it's being heterodyned with an 
11-MHz signal. At the instant the sweep 
signal passes through center frequency at 
10 MHz, the difference heterodyne is 1 
MHz or 1000 kHz. That's center fre-
quency for the "new" sweep signal. At 
the instant the sweep signal reaches its 
bottom frequency, at 9.5 MHz, the differ-
ence is 1.5 MHz or 1500 kHz. Then, 
when the frequency is swept up to its 
topmost value, at 10.5 MHz, the differ-
ence is 0.5 MHz or 500 kHz. So, by 
mixing a 10-MHz signal, which is swept 
500 kHz each way, with a plain un-
modulated 11-MHz rf signal, you generate 
a 1000-kHz signal swept 500 kHz up and 
500 kHz down. 

As it happens, my newest sweep gener-
ator is a B&K model 415. It's solid state, 
and intended primarily for television 
alignment. I could use a tv i-f sweep 
frequency, in the 44-MHz range. How-
ever, this generator also produces a sweep 
at 10.7 MHz, for aligning the i-f strips of 
fm receivers. And there's a nice marker 
right in the middle — precisely at 10.7 
MHz. (More about markers later.) That's 
lower than the tv sweep frequencies, so I 
use the 10.7 MHz for heterodyning down 
to low sweep frequencies. 

The source of unmodulated rf at my 
bench is a new B&K model E-200D. It's a 
modern version of the Old Precision 
Apparatus model E-200. Old-timers will 
remember that once-popular unit. The 
dial settings are reasonably accurate. But 
more important, the E-200D is stable 
once it's warmed up. That's a requirement 
of whatever generator you use. 

The calculations for using this pair of 
instruments are easy. They apply to any 
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sweep and rf generators you use. To 
create the low-frequency sweep I want 
from the fixed 10.7-MHz sweep signal, I 
either subtract or add the frequency of 
the i-f strip I'm checking. 

A common i-f is 455 kHz. That's 
what's in the receiver I 'm using for this 
demonstration. With a 10.7-MHz sweep 
signal, a 455-kHz beat can be obtained by 
adding 11.155 MHz or 10.245 MHz. 
Either one is okay, but I choose 10.245. 

device that produces the heterodyning 
between the two signals. 

Of course, you need a scope. Any 
ordinary servicing scope will do. Mine is a 
modern wideband scope, but for this 
purpose yours needn't be. 

The model 415 sweep/marker gener-
ator uses post-injection for the marker, as 
most recent instruments do. The block 
diagram in fig. 2 shows the equipment 
hookup. Here are the steps: 

ACCURATE 
MARKER OBWWOff 

RF 
OUTPUT 

SWEEP/MARKER GENERATOR 

tXT 
MKH OUTPUT 
<? 9 

oiwrcr scon 
WOK MCMZ 

Q O 
50OPE temou. a 

score 

MOT7C4L MCmiZ 
im/T OUTPUT 

9 9 

fig. 2. Equipment hookup. It is slightly different if sweep generator doesn't have the port-Injection 
marker arrangement. 

If the i-f were 60 kHz, another common 
one in ham receivers, an rf signal at 10.64 
MHz would do the job. 

You have to build a little mixer stage 
yourself. The simple one in fig. 1 is 
adequate. The diode is the nonlinear 

SWEEP GENERATOR 
INPUT 

o———wv— 560 

RF GENERATOR 
INPUT o WV-960 

GROUND FOP 
BOTH GENERATORS 

O 

INJECTION TO 
RECEIVER 

960 
IH29T 
on EQUIV GROUND 

o 

fig. 1. Four parts make up mixing device used 
for creating low-frequency I-f sweep signal. 

1. Let everything warm up at least 15 
minutes. 

2. Set scope sweep to External Input. 
3. Set scope vertical-input attenuator 

to whatever setting gives a 1-inch 
deflection for about 5 volts of 
signal input. 

4. Connect scope vertical input to 
Scope Vertical jack of sweep/ 
marker generator. 

5. Connect scope horizontal input to 
Scope Horizontal jack of sweep/ 
marker generator. 

6. Connect rf outputs of the two 
generators to the inputs of your 
homemade mixer device. Connect 
ground cables to receiver chassis. 
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7. In the receiver, clip the mixer-device 
diode lead to ground and the out-
put lead to the grid (or base) of the 
receiver's mixer stage. 

8. Clip a shorting jumper from the 
receiver oscillator grid (or base) to 
ground (or to emitter), thus dis-
abling the receiver's oscillator. 

9. Connect the direct-probe lead from 
the sweep/marker generator to the 
output of the receiver's a-m detec-

sweep just right on the scope trace. 
Here's how. Leave the rf generator 

output control at zero for now. Turn the 
sweep rf output wide open. Set the 
Sweep Width control as low as it goes; 
it'll still be wide enough for communica-
tions receiver i-f coils. Turn up the 
Marker Amplitude control on the gener-
ator just slightly. 

Now roll the Center Frequency dial 
back and forth until the marker comes 

fig. 3. Traces you see when first setting up for 
low-frequency sweep of receiver i-f section. A 
shows trace without curve or marker in view. B 
is marker with frequency slightly high. C shows 
marker (and frequency) centered. 

tor. Note: If the receiver is multi-
ple-conversion, having more than 
one i-f section, make a diode detec-
tor to use at the output of each i-f 
strip and display the curve for only 
one i-f section at a time. 

That's how the equipment hookup 
goes. Be sure all grounds are in place. 
Likewise doublecheck the connections. 
False curves can be the result of careless 
hooking-up. 

getting the curve 

The 10.7-MHz sweep in the model 415 
has a center-frequency marker. That of-
fers a convenient way of situating the 

into view along the scope trace. The 
photo in fig. 3 A shows the trace before 
you get the center frequency just right. 
This is sort of a fine-tuning control. Fig. 
3B shows the marker just coming into 
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view. Turn the Center Frequency control 
to put the marker exactly in the center of 
the scope trace, as in fig. 3C. 

The object of this step is to put the 

rf signal is added. 
Now set the frequency dial of the rf 

generator as near 10.245 MHz as you can. 
Turn up the output controls. If your 

fig. 4. Curve appears when rf generator signal Is added. Curve in A not exactly at i-f center marker. 
Curve in B moved to coincide with marker by returning i-f coils or rf generator. In C some of i-f coils 
detuned. Two curves in D mean the receiver oscillator hasn't been disabled. 

marker in a position that enables you to 
use it as the center of the curve you will 
presently display. The marker is at 10.7 
MHz, but it is added to the scope trace 
from within the sweep generator. It there-
fore remains as a center reference for the 
455-kHz sweep signal developed when the 

hookup is correct and the i-f strip is 
reasonably normal, you'll see the curve 
rise somewhere along the scope trace, as 
in fig. 4A. Just how far it is from the 
center marker depends on how near the rf 
generator is to 10.245 MHz and how 
accurately tuned the i-f coils are. 
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(The ideal is a calibrated 10.245-MHz 
signal, such as f rom a heterodyne fre-
quency meter that has been checked 
against WWV. I've used a BC-221 for this, 
as well as a Lampkin model MFM fre-
quency meter. For this demonstration, I 
calibrated the vernier of my rf generator 
against a frequency meter. That way, I 
know the i-f stages are slightly off-fre-
quency when I see the curve displaced 
from the marker as it is in fig 4A.) 

The photo in fig. 4B shows the curve 
right on the marker. You can put it there 
by adjusting the dial of the rf generator. 
Since I knew my rf generator was precise-
ly accurate, I readjusted the six i-f coil 
cores (two per i-f can) to move the curve 
over to the marker. 

The technique is not dif f icult. I just 
turn each core a small amount in the 
same direction, then peak all six at the 
new position of the curve. The curve in 

Be sure the receiver oscillator is cut 
off . I told you how, in step 8 of the 
equipment hookup. Otherwise, you may 
get the double curve shown in fig. 4D. 
The correct curve is identified by the 
marker, but it's best not to have the extra 
curve. 

You may wonder how to determine 
bandwidth. With another generator of 
high accuracy, you can put a movable 
marker into the sweep generator through 
the External Marker jack. Record the 
frequencies when the marker is at the 
upper skirt (fig. 5A) and at the low-
er skirt (fig. 5B). Bandwidth is rough-
ly the difference between them. The two 
markers in fig. 5 are at 10.235 and 
10.255 MHz. The difference is 20 kHz, 
the bandwidth at the bottom of the 
skirts. That means bandwidth at the 
half-points on the curve is 10-12 kHz. 
That's not bad for a genera I-purpose 

A B 

fig. 5. Movable markers show bandwidth in terms of kHz between upper skirt A , and lower skirt, B. 

fig. 4B results. The curve in fig. 4A was 
down-frequency from the marker. I there-
fore backed all six cores out about 
one-half turn. A t first, it looked as though 
I was destroying the curve. (Fig. 4C shows 
how it looked when only three slugs were 
turned to the new setting.) But as all six 
were turned near the new frequency, the 
curve got tall again. 

receiver, but a little wide for a selective 
communications receiver. 

Another way I estimate bandwidth is 
with the built-in 100-kHz markers that 
are part of my model 415 sweep gener-
ator. Fig. 6 shows the trace with the 
100-kHz markers activated. You may 
have to increase Sweep Width slightly to 
get both markers on the scope trace. 
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The 100 kHz beats with the 10.7-MHz 
marker and puts one at 10.6 and another 
10.8 MHz. Converted in the homemade 
mixer, this means markers at 355 kHz 
and 555 kHz. Of course the main 
10.7-MHz marker still makes the 455-kHz 

other uses of sweep curve 
Y o u can see the effect of a crystal 

selectivity filter on the i-f response. Fig. 
7 A shows the curve with the Selectivity 
switch of the receiver set for Crys-
tal — Broad. Turning the Crystal Phasing 

A B 

fig. 7. Selectivity switch of receiver changes response of l-f strip, as shown by the curve. Broad 
response, A , with crystal phasing set at one spot. Sharp crystal position, B, reduces gain but sharpens 
curve peaking. 

center marker. The distance between the 
two outside markers is 200 kHz. From 
that you can estimate the bandwidth of 
the curve being displayed. 

fig. 6. 100-kHz markers on each side of main 
center marker also can help estimate band-
width. 

capacitor knob changes the curve shape 
somewhat. 

Switching to Crystal — Sharp reduces 
the gain of the i-f strip, but sharpens the 
curve. Y o u can see the result in fig. 7B. 
Y o u can alter the Crystal Phasing to 
virtually eliminate the i-f curve. 

A sweep curve generated as described 
here can be used for testing any rf or i-f 
stages. Without the gain provided by 
amps in the receiver, you'l l need a more 
sensitive setting of the scope's vertical 
input. Or, you can build an untuned 
transistor amp to follow the homemade 
mixer. That'll give you enough signal to 
be useful with unamplified tuned circuits. 
You ' l l have to add a diode detector for 
stages that don 't end with an a-m detec-
tor. 

With a little practice and imagination, 
you can find a lot of other uses for this 
method of generating a low-frequency 
sweep signal. 

ham radio 
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tebook 

safer suicide cord 
Most electronics experimenters have 

an ac-plug-to-clip-lead adapter (better 
known as a "suicide cord") on their 
workbench. Unfortunately, too many ex-
perimenters fail to take a few simple 
safety precautions — precautions that can 
save much embarrassment or worse! 

First of all, always use a fused ac plug 
such as the El Menco along with 5- to 
10-amp fast-blow fuses. For the cord 
itself use about 6 feet of no. 16 heavy-
duty lamp cord. For the clip-lead end, 
Mueller no. 60 alligator clips are a good 
bet, but be sure to insulate each alligator 
clip with a Mueller no. 62 rubber cover. 

Bruce Clark, K6JYO 

using undervoltage 
relays 

Although many forms of undervoltage 
relays are on the market, it sometimes 
happens (as in my case) that a quick and 
dirty substitute can be found. Most 
standard relays exhibit a very wide dif-
ference in pickup and dropout current, 
typically three to one. Therefore, it's 
often impossible to use a single relay for a 
specific application. 

I needed a relay that had to drop out 
within approximately 10% of the normal 
running voltage. Available relays were 
Allied Control type B06-D 184VDC. 
These units have a 13500-ohm coil. Pickup 
is at approximately 10 mA, but dropout 
occurs at about 3 mA. 

As shown in fig. 1, R1 is proportioned 
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to energize the relay (RY 1) at about 20% 
below the operating voltage. R4 is then 
set to pull in RY 2 at a point a little 
higher — say 10% below the operating 
voltage. The 100k composition pot is 
then set to drop out RY 1 at a point 10% 
below the operating voltage. 

This arrangement was run in a bench 
setup for eight hours to determine if relay 
heating would result in any variation of 
the dropout point. The maximum varia-
tion in dropout point was approximately 
2% of the operating voltage. 

fig. 1. Method for controlling relay 
dropout voltage. Resistors can be pro-
portioned to cause pull-in and dropout 
over fairly wide current range. 

caution 
Don't try to use a variation in 

dropping resistance as shown in fig. 2, or 
instability will result. Also, don't try to 
use an extra set of contacts on RY 1 to 
perform the function of contacts on RY 
2; i.e., to switch in R2 and R3. Oscilla-
tion or instability will result. 



R5 -A/V -̂ table 1. Parallel connections required for 
sistanca values from 2500 to 40 kilohms. 

fig. 2. A n example of dropplng-resistor 
arrangement that will cause instability. 

A solid-state circuit would have been 
preferable, except that this particular 
equipment was to be subjected to a 
radioactive environment, which precluded 
the use of solid-state devices. 

Bill Wildenhein, W8YFB 

simple resistance 
standard 

As many amateurs know, ohmmeter 
readings taken with a vom can be notori-
ously inaccurate. However, there are 
times when you need an accurate resis-
tance measurement of a higher order than 
that obtainable with an ordinary multi-
meter. Higher accuracy generally requires 
a Wheatstone bridge or similar labora-
tory-type equipment. For occasional use 
such expense cannot be justified. 

o < 

fig. 3. Simple 
r e s i s t a n e e 
standard p ro-
vides accurate 
c h e c k p o i n t s 
from 2500 to 
40,000 ohms. 
Connections are 
shown in table 1. 

The inexpensive "resistance checker" 
shown in the photograph and in fig. 3 is a 
simple and direct solution to this prob-
lem. Four 1% resistors are wired as 
shown; it is apparent that there will be 
resistance check points at 10k, 20k, 30k 
and 40k ohms. If your volt-ohmmeter has 
not been grossly abused, you can set the 

desired 
resistance 

value 

2500 

3333 

S000 

6667 

7500 

10,000 

13,333 

15,000 

16,667 

20,000 

25,000 

30,000 

40,000 

connect 
together 

A -C 
B - D 
C -E 

A-C 
B - D 

A -C 

A - D 

A - E 

A-C 
B - D 

A -C 

A - D 

A -C 

read ohms 
between 

A - B 

A - D 

A - B 

A -C 

A - D 

A - B 

A - E 

B - D 

C -E 

A - C 

B -E 

A - D 

A - E 

meter to 10k ohms when connected 
across one leg of the standard — merely 
adjust the "zero ohms " knob so the 
meter coincides with the selected resis-
tance value. Thereafter you may read 
resistance values with good accuracy up 
to 10 or 20 percent removed from the 
check point. 

In addition to the multiple 10k check 
points, parallel connections will result in 
resistor standards at 2,500, 3,333, and 
5,000 ohms (see table 1). Other standard 
values may be obtained through suitable 
interconnection of the various resistors. 
The chart is provided since most of us 
don't want to get out the slide rule when 
a quick resistance check is needed. Ob-
viously other decade values may be se-
lected but the above setup provides resis-
tance checkpoints at more than one 
dozen intervals throughout the range 
from 2.5k to 40k ohms. 

Neil Johnson, W20LU 
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cleaning printed-
circuit boards 

If you work with printed-circuit 
boards you probably have had difficulty 
removing solder from the holes when 
removing resistors, capacitors or other 
components. A cutting-torch cleaner — a-
vailable from a welder's supply house — is 
a very useful aid. The cutting-torch 
cleaner comes with 12 different-sized 
steel rods which can be pushed through 
the solder holes. About one-quarter inch 
back from the smooth tip of each rod 
there's a machine-cut rasp surface which 
may be used to enlarge the holes, if 
necessary. The rods are usually furnished 
with a small metal case for easy storage. 

Felix W. Mullings, W5BVF 

Heath HW-17 
modifications 

After using the Heath HW-17 for some 
time, I decided that the receiver in the 
little rig lacked sufficient gain. The front-
end seemed quiet and relatively sensitive, 
but overall receiver response was low. 
When WB2EGZ's article appeared in the 
August issue I built the mosfet pre-
amplifier. It did give the receiver more 
gain, but didn't help much with weak-
signal reception. In fact, the preamp 

quiet and sensitive I thought that the 
receiver needed a little more i-f gain. 
From a quick check of the diagram it 
appeared that the 40673 mosfet and 
associated components would fit the 
HW-17 like a glove. It was wired into the 
set between the i-f output and the second 
mixer. This can be done very easily 
without drilling any holes. 

Solder is removed from the i-f output 
pin of the tuner where it connects to the 
board; a vacuum de-soldering tool is very 
handy here. A small piece of spaghetti is 
slipped over this pin to keep it from 
touching the foil. Gate 1 of the transistor 
is soldered directly to the pin, and the 
drain lead is soldered to the foil nearby. 
The transistor is mounted perpendicular 
to the board and the rest of the compo-
nents are soldered to the transistor leads. 
Although the additional i-f stage is very 
stable, and no combination of lead place-
ment will cause it to oscillate, use short 
leads. 

The modification requires re-alignment 
of T1 (in the tuner) and L6. Adjust them 
for maximum signal strength as indicated 
on the S-meter while rocking the main 
tuning dial across a weak signal. 

Since adding this modification, the 
familiar background hiss of most vhf 
receivers is present, and ignition and at-
mospheric noise can be easily heard. With 
the antenna disconnected, the noise is 

fig. 4. Added stage of i-f 
a m p l i f i c a t i o n for the 
HW-17. RFC is not critical. 

m 
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•ItOOt >3M s^OCX 

m m 

'.ax (RFC 

m m 

MO 
• W r -O B* 

m 

ne 

[ OOt | 

seemed to degrade the noise figure of the 
HW-17's own frontend. 

Since I already had the 40673 tran-
sistor and its bias and load resistors, it was 
decided to try to use those parts if 
possible. Since the frontend seemed to be 

very low, indicating the frontend is quite 
quiet. The S-meter is much livelier be-
cause of improved age action. Also the 
squelch will open with weaker signals 
than before. 

Ed Ranson, WA5PWX 
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noise limiter for 
heathkits 

Since I live in a noisy area and own 
one transceiver with a noise limiter and 
one without, the advantages of a noise 
limiter are very apparent to me. With 
some component value changes to match 
the resistance of the original audio-gain 
control in my transceiver, a very satis-
factory noise-limiter circuit evolved for 
the Heathkit SSB line. The components 
for this circuit cost less than $3.00, and 
the time involved is approximately one 
hour. The circuit is shown in fig. 5. 

The switch on my HW-12 is mounted 
as low as possible and centered on the 
front panel. I used a miniature switch 
that mounts with two screws. These 
screws are used to support two 4-con-
nector tie points. 

If the af gain-control in your trans-
ceiver is a 500k pot, R1 and R2 will be 1 
megohm and R3, 150k. If the af gain-
control is a 1-megohm pot, then R1 and 
R2 will be a 2.2 megohm, and R3, 270k. 
All resistors are 1/2 watt. 

this limiter and no noticeable distortion 
until the audio is too loud for comfort-
able listening. 

Jim Welborn, W7CKH 

increasing the 
versatility of the 
comdel speech 
processor 

The Comdel speech processor can be 
made more versatile by the simple modifi-
cation shown in the diagram. A miniature 
pptentiometer is mounted on the rear 
plate of the unit and connected into the 
output circuit so the output level may be 

TO MIC JACK O 

.Z7 
TO OUTWr \| 

FILTER ° 71 • I 

- I 
(REMOVE) "I 

fig. 6. Gain control for 
Comdel CSP-11 adds 
versatility to the unit. 

OUT 
—o 

-o*—o-

Rl 

;oa 

• M 

* 
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-M-
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Si th 

fig. 5. Simple noise 
limiter for Heathkit ssb 
transceivers. Values for 
R1, R2 and R3 are given 
in text. 

t 

I 
ft7 

,00? 

Remove the shielded audio-input lead 
from point C of the af gain-control and 
connect it to the input of noise limiter at 
point A. Connect the output of the 
limiter to point C on the af gain control. 
Vou will find there is very little loss with 

adjusted to be equal in peak amplitude to 
the level encountered when the unit is 
switched out of the circuit.* 

Gain through the speech processor, 
without the potentiometer, is greater 
than unity and "in-out" checks can only 
be made with difficulty because of 
change in gain level. With the addition of 
the potentiometer, processor output level 
may quickly and easily be set to the 
proper amount. The output circuit po-
tentiometer is substituted for a 47k re-
sistor (shown in dotted lines) which is 
removed from the circuit board. 

William I. Orr, W6SAI 

•With high-level microphones, such as the 
D104, the peak microphone output is consider-
ably higher than the limited 70-to 100-mV peak 
level available from the processor; in this case 
the output potentiometer should be mounted 
in the microphone line. 
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n 

eto linear amplifiers 

The new Delta 70 linear amplifier is 
externally identical to the Alpha 70 
except for the plate-tuning control; it 
uses a vernier drive to an air-variable 
capacitor. Internally, the only difference 
between the Delta and Alpha models is 
the use of an air-cooled 3-1000Z in place 
of the Alpha 70's vapor-cooled system. 
The two amplifiers are almost identical 
electrically and handle much the same. 
Power ratings are identical. 

While the Alpha 70 features continu-
ous coverage from 3 to 30 MHz, the Delta 
is specified for the amateur bands, 10 
through 80, although it too is almost 
continuous tuning. The Delta 70 linear 
amplifier is initially priced at $1195.00. 

For more information on the Alpha 70 
or Delta 70 linear amplifiers, write to 
Ehrhorn Technological Operations, Inc., 
Post Office Box 1297, Highway 50 East, 
Brooksville, Florida 33512, or use check-
off on page 94. 

mosley 75 and 
80-meter 
conversion kit 

The new Mosley RV-8C conversion kit 
is designed for amateurs who already own 
the Mosley 4-band vertical, the RV-4C, or 
for those who are considering the pur-
chase of a 5-band vertical antenna system 
for operation on 10 through 80 meters. 
The 5-band antenna stands only 22-feet 
high and requires no guying or concrete 
footing. 

The conversion kit includes a loading 
coil rated at 750 watts a-m or CW, and 
2000 watts PEP ssb. Tuning is accom-
plished by sliding the U-shaped match-
ing-section along the vertical element 
until a match is obtained at the desired 
operating frequency. 

A plexiglass coil housing, closed at one 
end with a polyethylene cap, assures 
protection against the most severe weath-
er conditions. Easy-to-follow instructions 
are included with the kit. For more 
information, write to Mosley Electronics, 
Inc., 4610 N. Lindbergh Boulevard, 
Bridgeton, Missouri 63044, or use check-
off on page 94. 

50-watt mobile 
amplifier 

Varitronics has just announced a new 
power amplifier that should appeal to all 
mobile fm operators. 

The Varitronics PA-50A is a com-
pletely solid-state class-C rf amplifier de-
signed for use in mobile amateur fm 
applications. Because of internal rf 
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switching, the PA-50A can be used with 
any two-meter transmitter with 5 to 15 
watts output when used with the IC-2F 
transceiver (nominal 12-watts drive). 
Balanced-emitter semi-conductors insure 
c o m p l e t e insens i t iv i ty to high 
vswr —even no load conditions. This 
handsome and ruggedly built amplifier is 
styled like the Varitronics IC-2F, features 
a calibrated output meter and comes 
complete with a mobile-mounting bracket 
and dc power cord. $129.95 amateur net. 
For more information, use check-off on 
page 94, or write to Varitronics Incor-
porated, 2321 East University Drive, 
Phoenix, Arizona 20665. 

two-meter fm 
transceiver 

Regency Electronics has announced a 
compact mobile fm transceiver for opera-
tion in the 144-MHz band. The solid-state 
model HR-2 features a 10-watt power 
output with operation on any of six 
transmit and receive channels in the band. 
Simple operator modification, however, 
can enable the radio to transmit and 
receive on any of 12 different duplex 
combinations. 

The receiver is a double-conversion 
superhetrodyne with a highly selective 
ceramic filter for operation on both wide-
and narrow-band signals. Sensitivity is 
rated at 0.35 juV, 20 dB quieting and 
audio output at 5 watts. 

The transmitter features phase modu-
lation for exacting carrier stability. Indi-
vidual trimmer capacitors enable fre-
quency setting optimum performance in 
point-to-point or repeater applications. 
Built-in swr load mismatch circuitry pro-
tects against open or shorted antenna 
conditions. 

The modern integrated circuitry oper-
ates on 13 Vdc with low current drain. 
The package comes complete with plug-in 
ceramic microphone, built-in speaker and 
mobile-mounting bracket. One pair of 
factory installed transmit and receive 
crystals on 146.94 MHz are included in 
the $229.00 amateur net price. An ac 
power supply and linear amplifier will 
soon be available as optional equipment. 

For more information, write to Re-
gency Electronics, Inc., 7900 Pendleton 
Pike, Indianapolis, Indiana 46226, or use 
check-off on page 94. 

short-wave listening 
A new, well-illustrated, multi-page 

primer on short-wave listening has been 
written by The Hailicrafters Company, 
and is being offered free to the interested 
reader, DXer, short-wave listener, hi-fi 
buff, hobbyist and amateur radio enthu-
siast. 

Aptly titled "short-wave puts you 
where it's at," the multi-colored brochure 
takes the interested reader through the 
many adventures he can experience with 
short-wave; explains graphically and in 
simple terms "what is short-wave;" tells 
the reader what can be heard on short-
wave (i. e., amateur bands, overseas 
marine radio, aeronautical bands, inter-
national broadcasting, military and clan-
destine stations, standard time signals, 
public safety and many others); provides 
a complete radio frequency spectrum in a 
unique and copyrighted graphic illustra-
tion; and points out what to look for 
when choosing a quality short-wave 
receiver. 

Also included in the center fold of the 
primer is Hailicrafters' complete line of 
a-m and fm general-coverage short-wave 
receivers, special frequency monitor 
radios and amateur transceivers and ac-
cessories. For a free copy of the multi-
page, short-wave primer, "short-wave puts 
you where it's at," write to The Haili-
crafters Company, Dept. PR, 600 Hicks 
Road. Rolling Meadows, Illinois 60008, 
or use check off on page 94. 
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Special 
IN THIS ISSUE 

? A New Magazine: 
Not really. New in the U.S.A. perhaps, 

but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu-
sively construction material. Clearly writ-
ten, concise articles give you full details 
on: 

• Audio Construction Projects 
• Receiver Construction Projects 
• Transmitter Construction Projects 
• Test Equipment Projects 
• Radio Control Projects 

. . . and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION — $6.00 

Write 
RADIO CONSTRUCTOR 
Greenville, N. H. 03048 

Name ... 

Address 

City State 

Zip 

new allied catalog 
Allied Electronics' new 1971 catalog 

of electronics parts and supplies, con-
sidered by many as the bible of the 
industry, is now available. The catalog 
lists over 70,000 separate stock items 
from more than 700 manufacturers. De-
tailed specifications, descriptions and il-
lustrations cover a vast array of parts and 
components including: semiconductors, 
integrated circuits, tubes, relays, timers, 
transformers, resistors, capacitors, con-
nectors, coils, chokes, sockets, plugs, 
jacks, switches, fuses, batteries, clips, 
lamps, wire and cable, and much more. 

Other major sections of the catalog 
feature test instruments, recording equip-
ment, sound equipment, intercoms and 
business communications gear, power 
supplies, electronic counters, chemicals, 
hardware, technical books, tools and 
solder equipment. Allied Electronics 
Catalog No. 710 sells for $2.00 (or no 
charge with order) and is available from 
Allied Electronics, 2400 W. Washington 
Boulevard, Chicago, Illinois 60612. 

solid-state 
rtty demodulator 

The new Space One R T T Y demodula-
tor from J & J Electronics has a number of 
interesting features, including heavy-duty 
loop supply, regulated power supply, 
electronic keyer stage supplying plus and 
minus voltages with provisions for adjust-
ing to 1 mA when driving diodes, as well 
as both 850 and 170 shifts, selectable 
from the front panel. The solid-stage 
circuitry uses integrated-circuit amplifiers 
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and high-voltage transistors for keying the 
loop supply. 

The Space One uses standard tones of 
2125 and 2975 Hz, has metered tuning 
(indicator lamps available as option), and 
provides a spare socket for the addition 
of a three-pole Butterworth bandpass 
input filter if local conditions warrant it. 
The basic unit is completely self con-
tained, including loop supply and fsk 
driver, and is ready to connect between 
your receiver and printer. 

Several extra features are available at 
optional extra cost, including receive and 
standby indicator lamps, auto receive 
without motor-control relay, and auto-
start plus motor control relay. Basic unit, 
less options, is $124.95. For more infor-
mation, write to J&J Electronics, Wind-
ham Road, Canterbury, Connecticut 
06331, or use check-o ff on page 94. 

video/rf selector-
control center 

The new Alco CCV3 is a three-posi-
tion control center that has many uses in 
video or rf layouts. Although it is suitable 
for switching low-power antenna systems 
it is designed primarily for controlling tv 
cameras and monitors. The unique push 
ON and push to RELEASE switches 
allow the operator to select equipment 
optionally at will. The unit uses standard 
type-UHF coaxial connectors, and no ex-
ternal power is required for operation. 
Crosstalk between adjacent channels is 
negligible. Price is $19.95. For more 
information use checkoff on page 94, or 
write to Alcoswitch Division of Alco 
Electronic Products, Inc., Post Office Box 
1348, Lawrence, Massachusetts 01842. 

Digital 
Frequency Meter 

• Monitors your "transmitted" signal 
• Measures kHz and MHz 
• Operates with any exciter-transmitter 

<1 to 600 watts — up to 30 MHz) 
• Large-bright "Nixie" display 
• Now - 100 Hz (.1 kHz) Readout 

through 35 MHz 

FM-6 Kit . . . . $ 1 3 9 . 5 0 

(170 MHz Prescaler - £45.00 extra) 

Micro-Z Co. 
Box 2426 Rolling Hills, Calif. 90274 

H H I d e v i c e s 

FOREIGN HAMS 
DO Y O U NEED AMERICAN 

CONSTRUCTION COMPONENTS? 

Send us a list of your needs and we 
will give you a quotation on any standard 
American parts which you may require. 

No longer need you avoid construc-
tion projects in Ham Radio or any other 
U. S. amateur publication because of 
hard to find parts. We'll find them and 
send them to you. 

Send 4 IRC's for catalog. 

HAL DEVICES 
BOX 365 HF 

URBANA, ILLINOIS 61801 U.S.A. 
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SERIOUS ABOUT VHF? 
432 MHz DUAL GATE MOSFET 

CONVERTER 

All solid state. Silverplated, brass enclosure. 
Stripline 432 MHz circuits. Noise figure: 3.2, 
cross mod. 80 mV min., gain 5-20 db. T-rnatch 
output attenuator. 
I.F. 144-146 MHz. Model DGTC 1702 $69.00 
I.F. 28-30 MHz. Model DGTC 1710 $71.50 
DUAL GATE MOSFET CONVERTER 

FOR TWO METERS 

Noise figure: 2 or less. Excellent cross modu-
lation and image rejection (116 MHz xtal 
oscillator.) IF 28-30 MHz. All inductors shielded. 
Model DGTC 22 $35.00 
ALSO: 
144/432 MHz VARACTOR TRIPLER 
Model LVV 270 $75.00 
144/432 MHz TRANSVERTER 
Model TTV 1270. Spec, introductory offer: $37.50 

S I SPECTRUM 
INTERNATIONAL 

BOX 87C TOPS FIELD 
MASSACHUSETTS 01983 

radio amateur lit. 
GET YOUR NEW 

ISSUES NOW! 
Over 285,000 QTHs in 
the U.S. edition $8.95 
Over 165,000 QTHs in 

the DX edition $6.95 

NEW EDITION EVERY: 
MARCH 1 - SEPT. 1 

JUNE 1 - OEC. 1 

These valuable EXTRA features included in both editions! 
Prefixes by Countries! 
Zips on all OTH's! 

OSL Managers Around the 
World! 
Census of Radio Amateurs 
throughout the world! 
Radio Amateurs' License 
Class! 
World Prefix Map! 
International Radio 
Amateur Prefixes 

A.R.R.L. Phonetic Alphabet! 
Where To Buy! 
Great Circle Bearings! 
International Postal 
Information! 
Plus much more! 

See your favorite dealer or order direct (add 25C for mailing 
in U.S.. Possessions & Canada. Elsewhere add 50C) 

WfilTt 
FR 

BftOt F 925 Sherwood Drive 
Lake Bluff, III. 60044 

two-meter fm antenna 
Varitroriics has recently introduced 

the Redhead, a two-meter groundplane 
antenna with 3.4-dB gain. This sturdily 
built, commercial quality antenna is 
adjustable for low swr over the entire 
two-meter band. Radials and radiator are 
made from heavy-guage aluminum tubing, 
and the loading coil is well protected by a 
metal shield which is painted red (hence 
the nickname). The model AS-2HG Red-
head antenna is rated at 250 watts cw, 
a-m or fm, and 500 watts PEP ssb. $18.95 
from your local dealer. For more infor-
mation, write to Varitronics Incor-
porated, Post Office Box 20665, Phoenix, 
Arizona 85036, or use check-off on page 
94. 

keyer memory kit 

For hams who like to roll their own, 
Curtis Electro Devices has introduced a 
do-it-yourself diode-matrix message 
memory for their EK-39M, a combined 
keyer and message generator. The kit is 
an exact plug-in equivalent to the custom 
integrated-circuit memory which Curtis 
supplies individually pre-programmed per 
user instructions. It consists of six inte-
grated circuits, a pre-drilled circuit board 
and 150 diodes plus other components 
and hardware. Complete instructions are 
provided. 

Assembly requires no knowledge of 
logic techniques or Karnaugh maps. If 
you can send Morse, you can program the 
matrix. Programming and assembly time 
is three or four hours. The memory kit 
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yields three programs. A typical contest 
set are: 

5NN03DE W1DTY 
CQ TEST CQ TEST DE W1DTY 
DE W1DTY 

In addition to operating convenience, 
the new message generator is expected to 
raise cw contest scores by boosting opera-
tor efficiency. The EK-39MK Diode 
Memory Kit is available now from dealers 
or direct from the manufacturer and is 
priced at $49.95. (The EK-39M is 
$179.95.) For more information write 
Curtis Electro Devices, Box 4090, Moun-
tain View, California 94040, or use 
check-off on page 94. 

motorola 
semiconductor kits 

Two new construction kits with 
special "how to" project brochures have 
been introduced by Motorola HEP 
through its nationwide network of semi-
conductor distributors. The HEK-3 Radio 
Amateur Hobby Kit, retailing for $5.95, 
contains two rf/i-f linear integrated cir-
cuits and an RTL integrated circuit in 
addition to an HMA-36 special project 
brochure. Circuits in the brochure include 
a 6-meter preamp, 6-meter a-m modula-
tor, 40-meter transmitter, video ampli-
fiers and a microphone amplifier. 

The HEK-4 Home Handyman Hobby 
Kit, retailing for $4.95, contains a sili-
con-controlled rectifier, a unijunction 
transistor, a silicon rectifier, a photo 
transistor and a silicon npn transistor. 
Special project brochure HMA-37 that 
comes with this kit shows 11 applications 
including a light dimmer, electronic 
timer, burglar alarm and code-practice 
oscillator. 

The project brochures are free at HEP 
semiconductor distributors. HEP is 
Motorola's sales program for making 
semi-conductor devices readily available 
to the experimenter through a nationwide 
network of authorized suppliers. 

TWO METER 
SSB TRANSMITTER 

Time to get ready for the next Oscar satellite 
repeater! 
Audio amplifier, 9 MHz USB oscillator, balanced 
modulator, 9 MHz amplifier with crystal filter, 
mixer, driver and linear amplifier 144 - 146 MHz. 
Output 12 Watts PEP at 24 Volts. Oscillator 
injection 135 • 137 MHz. 
Glass epoxy, silverplated p.c. board (3'/*" x 9") 
plus complete construction, assembly and align-
ment instructions (including construction data 
for 135- 137 MHz VXO or phase-locked oscil-
lator). 

$4.95 
plus 251 shipping 

SPECTRUM 
INTERNATIONAL 

BOX 87C TOPSFIELD 
M ^ I ^ H MASSACHUSETTS 01983 

GEM-QUAD FIBRE - CLASS 
ANTENNA FOR 10, 15. and 20 METERS. 

Two Elements $87.00 
Extra Elements $50.00 ea. 

Submit Payment with Order 
Shipped Freight collect. 

Price includes 
Canadian Federal Sales Tax 

or U.S. Customs Duty. 

KIT COMPLETE WITH 
• SPIDER 
• ARMS 
• WIRE 
• BALUN KIT 
• BOOM WHERE NEEDED 

SEE OUR FULL PAGE IN MAY ISSUE 

Buy <u>n elements now — a third and fourth may 
be added later with little effort. 

Enjoy optimum far ward gain on DX, with a 
maximum bark to front ratio and excellent side 
discrimination. 

Get a maximum structural strength with low 
weight, using our "Tridetic" arms. 

yi MANITOBA DESIGN INSTITUTE 
AWARD WINNER 

20 Burnelt Avenue, Winnepeg 16, M.tnitobn, Canada 
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CIRCUIT 
BOARDS 
in 10 
Minutes 

with 
just a pair 
of scissors 

try C i r - k i f c 
Pressure Sensitive Copper Foil 

Tape and Sheet 

• No Chemicals — No Mass 
• No Layout Restrictions 
• Full Instructions 
. Simple Circuit Changes 
. Flexible — Conforms to any surface shape 
. Use for Crossovers — Either Insulate with 

Teflon or Mylar or use other side of board. 
A revolutionary new material for the construc-
tion of experimental and prototype "printed" 
circuit boards. 
Cir-Kit is high purity .002" copper protected by 
lacquer and coated with an exclusive heat re-
sistant pressure sensitive self adhesive. Just 
remove backing paper and place in selected 
position. Press down firmly. If modifications 
are necessary just rip it up and start over. 
Cir-Kit can be used for modifying existing 
boards or building up new ones. The perfect 
answer for small quantity applications or one of 
a kind amateur projects. 

5 feet 1/16" or 1/8" wide $.60 
100 feet 1/16" or 1 /8" wide $9.95 

Sheets 6" x 12" — $2.50 each 
or 5 for $9.95 

Order Now 

Cir-kib 
Box 592 

AMHERST, N. H. 03011 

Dealer Inquiries 
Invited 

The World's Most 
Versatile Circuit Building System 

mobilink 

B 

The Mobilink is a unique new product 
that will have wide acceptance among 
two-way radio users in the commercial 
field, CB, amateurs, and other operators 
who require constant monitoring of their 
mobile receivers. The Mobilink is helpful 
when out of the car or out of hearing 
range while on business calls, coffee 
breaks or lunch. 

Mobilink is a low powered a-m trans-
mitter used with a pocket receiver as an 
accessory for mobile communications, 
base stations, paging and intercom exten-
sions. All calls and the exact content of 
messages will be heard up to 1/4 mile 
away on the small receiver. This is a great 
improvement over the systems that blow 
the car horn, or turn on the car lights. 
Mobilink has a greater usable distance, 
will not disturb others and will not 
discharge the car battery. 

The Mobilink features easy installa-
tion — only connection needed is a pair 
of wires to the speaker; the internal 9-volt 
battery has shelf life in standard service 
due to the vox circuit that turns on the 
Mobilink transmitter only when a signal is 
received on the communications receiver. 
It can be used with all code, scramble and 
squelch systems without modification be-
cause it uses audio instead of an rf signal. 

The Mobilink has 75 milliwatts input 
power, an antenna that adjusts from 5 to 
18 inches, small size, weighs only 11 
ounces, frequency of 27.263 MHz or any 
CB channel on request, crystal controlled, 
input impedance of 3 to 8 ohms, heavy 
aluminum construction, all solid-state 
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devices and made In U.S.A. Price is 
$44.95 complete with crystal, battery, 
connecting wire and antenna. 

The Mobilink receiver is a small pocket 
size portable transistor circuit with 
18-inch collapsible antenna, rf tuned cir-
cuit, crystal controlled, speaker, ear-
phone, age performance, 9-volt battery 
and carrying case. Comes complete ready 
to use with crystal for $24.95 postpaid. 
Mobilink transmitter and receiver set is 
$69.90 postpaid. Units and information 
are available from Herbert Salch & Co., 
Marketing Division of Tompkins Radio 
Products, Woodsboro, Texas 78393, or 
USB check-off on page 94. 

continuous-tone 
encoder 

Automatically activated signal-tone 
encoders for use with two-way radio 
equipment have been announced by the 
Ross and White Company. Keyed by 
closing the transmitter microphone 
switch, the encoder generates a short 
duration tone burst which modulates the 
transmitter, and automatically activates 
tone-access repeaters, tone-operated re-
ceiver squelch circuits or other signalling 
devices. 

The two models are the TE-2, with 
two switch-selected output tones, and the 
TE-5, with five tones. Frequency range is 
field adjustable from 1600 to 2800 Hz. 
The 0.5 second output tone burst is a 6-V 
p-p open-circuit sine wave, with output 
impedance adjustable in three steps. The 
all solid-state circuit uses commercial-

AT LAST 
a SPEECH COMPRESSOR t h a t 

REALLY WORKS 
. LOW DISTORTION CIRCUIT 

. 5 1 0 D8 IMPROVEMENT IN 
TALK POWER | 

. FULLY WIRED & TESTED 
NOT A KIT 

. SEVERAL MODELS TO 
CHOOSE FROM 

. WORKS WITH PHONE PATC 

• Quality construction includes 
Silicon transistors, FETs 
Glass circuit boards 

. FULL WARRANTY—ONE YEAR 

• Performance second to none 

. INTRODUCTORY LOW PRICES — 
$22.50 to $34.95 
(Illinois residents add 5 % sales tax) 

Write for specifications 
and information sheets 

(free) 

Demonstration Tape 
cassette available 

($2.00 deposit) 

^ Electronics 
BOX 1201H 
CHAMPAIGN. ILL. 
61820 

WIRED AND TESTED 
INTERDIGITAL 

PRE-AMPLIFIERS 

by CADCO 
Factory wired and aligned 6, 2 and 
1-1/4 meter state of the art ultra low 
noise Interdigital Pre-amplifiers and 
filters - as featured this month in HAM 
RADIO! 
I N T E R D I G I T A L PR E - A M P L I Fl E R S 

50 M H z Model IPA-50 $ 2 9 . 0 0 * 
144 M H z Model IPA-144 $ 2 9 . 0 0 * 
220 M H z Model IPA-220 $ 2 9 . 0 0 * 
I N T E R D I G I T A L B A N D P A S S F I L T E R S 

50 M H z IS-BPF-50 $ 1 9 . 0 0 * 
144 MHz Model IS-BPF-144 $ 1 9 . 0 0 * 
220 M H z Model IS-BPF-220 $ 1 9 . 0 0 * 

•Plus $ 0 . 5 0 postage 

Al low 3 weeks for receipt of order 

BOB'S DISCOUNT ELECTRONICS 
720 N. Hudson, Oklahoma Ci ty , Okla. 7 3 1 0 2 

(405) 232 -1384 

march 1971 KJ 79 



NEED CRYSTALS? 

We can supply crystals 
from 2KHz to 80 MHz in 
many types of holders. 

S P E C I A L S 

Color TV crystal (J579, 545KHi> wire lead* 
100 KHr Itroutntf standard crystal <HC 13/U) 
1000 KHi tirqurncy standard (HC6/U) 
An) C8 crystal, luns. or rec. 

(encept synthesuer crystals) 
Any amateur b.wd crystal in FT-243 holdm 

(except 80-160 meters) 
80 meter crystals in FT-243 holders 

4 I or SS.00 $160 
4,50 
4.50 
2.50 

1 50 4 (or 55.00 

2.50 

JAN 

We have in (lock over si i million crystals which 
•ntlude types CR1A/AR. FTZ43. FT241, MC7, HC6/U, 
HC13/U. HC25/U, HC18/U. etc. Send 10c (or ovr 
1970 catalog with oscillator circuits, Iist>n9 thousands 
of frequencies in stock lor immediate delivery (Add 
lOr per crystal to above prices for shipment 1st class 
mail; 15f each for air mail,) 

Special Quantity Prices to 
Jobbers and Dealers. 

O R D E R D l f J E C T 
with check or money order 

to 

2400H Crystal Drive 
Fort Myers, Florida 33901 

. THE BEST 

2 METER 
C O N V E R T E R 

Model 407 

$42.95 
ppd. 

144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 

available for $5.95 each 
A full description of this fantastic converter would 
fill this page, hut yon can take our word for it 
(or those of thousands of satisfied users) that it's 
the best. The reason is simple — we use three 
RCA dual Kale MOSFETs, one bipolar, and 3 
diodes in the best circuit ever. Still not con-
vinced? Then send for our free catalog and get 
the full description, plus photos and even the 
schematic. 
Can't wait? Then send us a postal money order 
for $42.95 and we'll rush the 407 out to vou. 
NOTE: The Model 407 is also available in any 
frequency combination up to 450 MHz (some at 
higher prices) as listed in our catalog. New York 
City and State residents add local sales tax. 

VANGUARD LABS 
Dept. R, 196-23 Jamaica Ave.. Hollis, N.Y. 11423 

grade American-made components and 
silicon semi-conductors on an epoxy-
fiberglass circuit board. 

The encoders and their 9-V batteries 
are housed in 2-1/8 x 1-1/8 x 3-1/4-inch 
plastic cases, and are connected to the 
transmitter microphone circuit with a 
15- inch shielded cable. Installation 
typically requires 20 minutes or less. An 
aluminum bracket is provided for mount-
ing the encoder. 

The price of the TE-2 is $29.95, and 
for the TE-5, $39.95. For further infor-
mation, contact Ross and White Com-
pany, 50 West Dundee Road, Wheeling, 
Illinois 60090, or use check-off on page 
94. 

QRPP magazine 

Ade Weiss, K8EEG, long time QRP 
enthusiast, has launched a new bi-
monthly, now in its second year, for the 
QRPP amateur radio operator. To the 
uninitiated, QRPP is an extension of the 
Q-signal QRP which is applied to amateur 
operation of less than five watts. The new 
magazine, The Milliwatt: National Jour-
nal of QRPP, is devoted exclusively to 
under-five-watt amateur radio, and has 
featured technical articles, construction 
projects, operating news, QRPP WAS 
standings and QRPP log selections. The 
first volume includes construction pro-
jects for transistor transmitters and re-
ceivers for 3.5, 7 and 14 MHz, QRPP 
wattmeters, dummy loads and SWR 
meters, articles on propagation, operating 
procedures and other applications of 
general theory to the specific require-
ments of very low power operation. The 
Milliwatt is published six times a year; 
subscriptions are $3.00 annually, $3.40 
first-class mail. A reprint of the entire 
Volume I is available, $4.00 postpaid. 
Subscriptions and general queries to Wes 
Mattox, K6EIL/2, 115 Park Avenue, 
Binghamton, New York 13903. Articles 
and operating news to Adrian Weiss, 
Editor, The Milliwatt, Meckling, South 
Dakota 57044. 
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a second look fish 
new phone bands 
If the FCC's newly proposed amateur 
radio frequency allocations are adopted, 
Advanced and Extra class amateurs can 
look forward to much wider phone bands. 
The new proposal, so new a number had 
not been assigned as of press time, pro-
vides for more operating space on all five 
high-frequency bands - 80, 40, 20, 15 
and 10 meters. On 80 meters, for ex-
ample, the Extra-class phone band would 
begin at 3750 kHz; the Advanced-class 
band would start at 3775 kHz while the 
General-class phone privileges would be 
increased to 3875 to 4000 kHz. 

On the other high-frequency bands, 
the Extra-class phone segments would be-
gin at 7150, 14150, 21200, and 28350 
kHz. The Advanced-class phone segments 
would be at 3775, 7175, 14175, 21225 
and 28375 kHz. Under the new plan Gen-
eral-class phone privileges would be ex-
panded to start at 3875, 7225, 14250, 
21325 and 28500 kHz. In addition to in-
creased operating space on 80, 40, 20 and 
15 meters, note the new Advanced and 
Extra class phone allocation on 10 meters. 

Also included in the new FCC proposal 
is an all-new Advanced and Extra-class 
phone sub-band on 40 meters, from 7075 
to 7100 kHz. This is specifically designed 
for radiotelephone communications be-
tween the United States and Europe and 
Africa. The new proposal would also 
reduce the width of the exclusive Extra-
class CW segments on each of the high-
frequency bands — from 25 to 10 kHz. 

In addition, under the new plan 
Novices would gain an additional 100 kHz 
of CW operating space on 10 meters - be-
tween 28150 and 28250 kHz. 

Remember, these phone bands are still 
in the proposal stage. For more details I 
suggest you listen to the W1AW broad-

casts f rom A.R.R.L. They are able to dis-
seminate the pertinent details much more 
rapidly than a monthly magazine. Next 
month we wil l publish the complete text 
of the FCC proposal in ham radio, In the 
meantime, consider all the ramifications 
of this plan, discuss it wi th your friends 
and at your local radio club, and submit 
your comments to the FCC before June 1, 
1971 (remember that all comments must 
be submitted in 14 copies). 

circuits and techniques 
On page 34 of this issue you'l l f ind the 

first installment of a new monthly 
column, circuits and techniques. This new 
addition to ham radio, written by Edward 
M. Noll, W3FQJ, will endeavor to keep 
you up to date on the latest develop-
ments in communications and electronics. 
In addition to state-of-the-art develop-
ments, Ed wil l cover little known circuits 
and experimental techniques that are 
useful to amateurs and experimenters. In 
many cases overseas amateurs devise 
solutions to electronic problems that re-
ceive little publicity in this country. Ed 
wil l be reviewing many of the foreign 
electronics publications in an effort to 
keep up to date on this phase of amateur 
radio. 

Ed Noll is well qualified for this new 
assignment with ham radio. As a long-
time radio amateur, consulting engineer 
and accomplished author of technical 
articles and books, Ed brings to ham 
radio a background of translating com-
plex electronics ideas into easy-to-under-
stand text. His latest book, "Solid-State 
QRP Projects," was recently published by 
Editors and Engineers. 

Jim Fisk, W1DTY 
editor 
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practical 
vhf and uhf 

coil-winding data 

The practical 

coil-winding data 

presented here 

provides complete details 

on inductors 

from 2 nanohenries 

to 1 microhenry 

This article contains computer generated 
data for building inductors from 2 to 
1000 nanohenries (1 nanohenry = .001 
/iH). Since no calculations are involved, it 
is a simple matter to scan the tables, and 
select the inductor that best meets your 
particular requirements. The first part of 
the article describes single-layer solenoids 
from 10 to 1000 nH; the last part 
describes straight-wire inductors above a 
chassis that range from 2 to 100 nH. 

vhf inductors 
Many vhf experimenters have de-

veloped a sixth sense for winding rf 
coils — they've had to, since there doesn't 
seem to be any convenient coil winding 
data for this part of the spectrum. (The 
A R R L Lightning Calculator stops at 1 juH 
and the Allied Coil Winding Calculator 
stops at 0.1 (iH.) 
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The typical design procedure is to 
wrap some wire around a pencil (a coil 
form is also permitted) and trim the coil 
to resonance with the aid of a grid-dip 
meter and fixed capacitor. However, it 
takes a fair amount of experience to 
select the proper wire size and coil 
diameter that will give the desired induc-
tance and still have reasonable Q and low 
capacitance. 

Tables 1, 2, 3 and 4 describe coils of 1 
to 10 turns wound with an inside diam-
eter of 1/8 to Yi inch.* Because of their 
size, these coils are especially attractive 
for use with solid-state receivers and 
transmitters. 

design philosophy 
The goal is an inductor that has high 

Q, low capacitance and compact size. 
Low coil capacitance means the inductor 
will have a high self-resonant frequency, 
and therefore, a more useful frequency 
range. This can be achieved by a single-
layer solenoid with adequate turns spac-
ing. A good rule of thumb is to have a 
space equal to the wire diameter between 
adjacent turns with coil length about 1.5 

'The tables were computed from the formula 
2 

<1) 
L = (?) 

4.5D + 101 

where L is inductance, D is coil diameter and 1 
is coil length. This formula approximates the 
low-frequency inductance of a coil in free 
space. However, after building a few coils and 
measuring their inductance with a Boonton 
250A R X meter at 100 MHz it appears that the 
error is only 10% for most coils. 
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times the coil diameter. The result is a 
coil with low capacitance and reasonable 
Q. All coils computed in the tables have 
turns spacing equal to the diameter of the 
wire used; as a check, the overall length 
of the coil is also given. 

Those coils whose length is 1 to 2 
times diameter are shown in bold type 
since they are considered to be optimum. 
By scanning the tables you can see that 
any inductance can be obtained by an 
optimum coil. 

A l l calculated inductances were 
rounded off to the nearest 10 nano-
henries. This means that the error of 

construction dimensions. 

values below 30 nH will be ±5 nH. This 
seemed sufficient since adjacent objects 
will introduce errors into the free-space 
design anyway. Below 10 nH it is usually 
easier to build straight-wire inductors. 

table 1. Coil data for 0.125-inch diameter airwourtd coils. Bold-face values represent optimum 
designs 

wire number of turns 
size 1 2 3 4 5 6 7 8 9 10 

18 

20 

22 

24 

5 10 20 3 0 3 0 4 0 5 0 6 0 70 7 0 n H 

. 1 2 . 2 0 . 2 8 .36 . 4 4 .52 . 6 0 .69 .77 .85 inch 

5 10 20 3 0 4 0 5 0 5 0 6 0 70 8 0 n H 

. 1 0 . 1 6 . 2 2 . 2 9 . 3 5 .42 . 48 .54 .61 .67 inch 

5 10 20 30 4 0 5 0 6 0 7 0 8 0 9 0 nH 

- 0 8 . 1 3 . 1 8 . 2 3 . 2 8 . 33 .38 . 4 3 .48 .53 inch 

5 1 0 20 30 50 60 7 0 8 0 100 1 1 0 nH 

. 0 6 . 1 0 . 1 4 . 18 . 2 2 . 2 6 . 30 . 3 4 .38 . 42 inch 

table 2. Coil data for 0.25-inch diameter airwound coils. Bold-face values represent optimum designs. 

Wire number of turns 
size 1 2 3 4 5 6 7 8 9 10 

12 

14 

16 

18 

20 

22 

10 20 30 50 7 0 8 0 1 0 0 120 1 3 0 1 5 0 n H 

. 2 4 . 4 0 . 5 7 . 7 3 . 8 9 1 .05 1 . 2 1 1 .37 1 .54 1.7 inch 

10 20 40 5 0 7 0 90 1 1 0 130 1 5 0 1 7 0 nH 

. 1 9 . 3 2 . 4 5 . 5 8 . 7 1 . 83 .96 1 . 0 9 1 . 2 2 1 .35 inch 

10 20 40 60 80 100 1 2 0 140 1 7 0 1 9 0 nH 

.15 . 2 5 . 3 6 .46 . 5 6 . 66 .76 . 86 .97 1 .07 inch 

1 0 30 50 70 90 120 1 4 0 1 7 0 1 9 0 2 2 0 nH 

. 1 2 . 2 0 . 2 8 . 3 6 . 4 4 . 5 2 . 60 . 69 .77 .85 inch 

1 0 3 0 50 80 100 130 160 190 2 2 0 2 5 0 nH 

. 1 0 . 16 . 2 2 . 2 9 . 3 5 .42 , 48 . 5 4 .61 .S7 inch 

1 0 3 0 60 90 120 150 180 220 250 2 9 0 n H 

. 0 8 . 13 . 1 8 . 2 3 . 2 8 . 3 3 . 38 . 4 3 . 48 . 53 inch 

1 0 3 0 60 100 130 170 210 250 290 340 n H 

. 0 6 . 1 0 . 1 4 . 1 8 . 2 2 . 2 6 . 3 0 . 3 4 . 38 . 4 2 inch 
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table 3. Coil data f o r 0.375-inch diameter a i rwound cotls. Bo ld - face values represent op t imum 
designs. 

wire n u m b e r of turns 
size 1 2 3 4 5 6 7 8 9 10 

1 0 10 30 60 8 0 1 1 0 1 3 0 160 190 2 1 0 2 4 0 nH 
.31 .51 .71 . 9 2 1 .12 1 .32 1 .53 1.73 1 .94 2 . 1 4 inch 

10 30 60 90 1 2 0 1 5 0 1 8 0 2 1 0 2 4 0 2 7 0 nH 

. 2 4 .40 .57 .73 . 89 1.05 1 .21 1.37 1 .54 1 .70 inch 

. . 10 40 70 100 130 1 7 0 2 0 0 2 4 0 2 8 0 3 1 0 nH 
. 1 9 .32 .45 .58 .71 .83 .96 1 .09 1 .22 1 .35 inch 

1 6 10 4 0 70 110 150 190 230 2 7 0 3 2 0 3 6 0 n H 

. 15 .25 .36 .46 .56 .66 .76 .86 .97 1.07 inch 

10 4 0 8 0 130 170 220 270 320 370 4 2 0 n H 

. 1 2 . 2 0 .28 .36 .44 .52 .60 .69 .77 .85 inch 

2 q 10 50 9 0 140 190 250 310 360 420 480 nH 
. 1 0 .16 . 2 2 .29 .35 .42 .48 .54 .61 .67 inch 

22 2 0 50 1 0 0 1 6 0 2 2 0 280 350 420 4 9 0 560 nH 

. 08 . 13 .18 . 23 . 28 .33 .38 .43 .48 .53 inch 

2 4 2 0 6 0 1 1 0 1 7 0 2 4 0 3 2 0 4 0 0 480 560 650 nH 
. 0 6 -10 . 1 4 .18 .22 .26 .30 .34 .38 .42 inch 

table 4. Coi l data f o r 0.5-inch diameter a i rwound coils. Bo ld - f ace values represent o p t i m u m designs. 

w i re numbe r of turns 
size 1 2 3 4 5 6 7 8 9 10 

10 

12 

14 

16 

18 

20 

22 

24 

2 0 50 8 0 120 1 6 0 2 0 0 2 5 0 2 9 0 3 3 0 3 8 0 n H 

. 31 .51 .71 .92 1 .12 1.32 1 .53 1.73 1 .93 2 . 1 4 inch 

2 0 5 0 90 140 180 230 2 8 0 3 3 0 3 8 0 4 3 0 nH 
. 2 4 . 4 0 .57 .73 .89 1.05 1 .21 1 .37 1 .54 1 .70 inch 

2 0 6 0 1 0 0 I SO 210 260 320 3 8 0 4 4 0 5 0 0 n H 

. 1 9 .32 .45 .58 .71 .83 .96 1 .09 1 .22 1 .35 inch 

2 0 6 0 1 1 0 170 240 300 370 440 510 5 8 0 nH 
. 1 5 .25 .36 .46 .56 .66 .76 .86 .97 1 .07 inch 

2 0 70 1 3 0 1 9 0 2 7 0 340 420 500 590 6 7 0 nH 

. 1 2 . 2 0 . 2 8 .36 .44 .52 .60 .69 .77 .85 inch 

2 0 70 1 4 0 2 1 0 3 0 0 3 9 0 480 580 680 780 nH 

. 1 0 .16 .22 .29 .35 .42 .48 .54 .61 .67 Inch 

2 0 8 0 1 5 0 2 4 0 3 4 0 4 4 0 5 5 0 6 6 0 780 900 n H 

. 0 8 . 13 . 18 .23 .28 .33 .38 .43 .48 .S3 inch 

2 0 8 0 1 6 0 2 6 0 3 7 0 4 9 0 6 2 0 750 8 9 0 1 0 3 0 nH 

. 0 6 .10 .14 .18 .22 .26 .30 .34 .38 .42 inch 
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example 2. A 50-nH coil is required for a 20 watt transmitter. 

possibility 

0.125 diam 5 turns no. 24 

0 .250 diam 4 turns no. 12 or no. 

0 .250 diam 3Vz turns no. 16 
0 ,250 diam 3 turns no. 18 
0 .375 diam 2.7* turns no. 10 
0 .375 diam 2.7 turns no. 12 
0 .375 diam 2.3 turns no. 14 
0 .500 diam 2 turns no. 10 
0 .500 diam 2 turns no. 12 

example 3. Same 50-nH coil as in example 

0.125 dia. 5 turns no. 24 
0 .250 dia. 3.5 turns no. 16 
0 .250 dia. 3 turns no. 18 
0 .375 dia. 2.7 turns no. 10 

comment 

poor choice at this power 
level 

14 fair choice — only slightly 
out of op t imum region 
marginal at this power level 
marginal at this power level 
good choice 
g o o d choice 
good choice 
good choice 
good choice 

2 but this time it is required for a receiver 

good choice, compact size 
good choice 
good choice 
good choice, but large size may 
add too much capacitance to 
circuit 

using the tables 
The tables are intended for air-core 

coils whose dimensions are indicated in 
fig. 1. Each table describes coils wound 
with a different inside diameter. Wire size 
and number of turns are specified along 
the edge of the chart. The data within the 
table is inductance in nanohenries (on 
top) and coil length in inches (below). 
The use of the inductance tables is best 
illustrated by several practical examples. 

example 1. What is the inductance of 5 
turns no. 18 wire, 0.25-inch diameter, 
wound with spacing equal to wire diam-
eter? From table 2, opposite no. 18, and 
below 5 turns, you find this coil has 
90-nH inductance and is 0.44 inches long. 

A coil of given inductance can be 
easily designed by scanning the optimum 
regions (bold-faced type) of each table. If 
the exact value is not found, the induc-
tance may be mentally interpolated by 
changing the turns by a fraction or by 
compressing or expanding coil length. 

uhf inductors 
As you can see from tables 1,2, 3 and 

•Instead of winding fractional turns, the coil 
may be wound with 3 turns and "stretched" to 
the desired inductance. 

4, it is impractical to wind coils less than 
10 nH. For less than 10 nH the induc-
tance of a straight piece of wire is 
sufficient. Quarter-wavelength resonators 
are common in microwave work and may 
be considered as an inductance in parallel 
with distributed capacitance. 

Full-sized %-wave resonators are useful 
above 1 or 2 GHz because of their 
convenient size and high Q. But at 432 
MHz or even 1296, the designer may 
want a more compact resonator. This can 
be accomplished by shortening the length 
needed for %-wave resonance and making 
up for the decreased inductance by 
adding external capacitance. 

Obviously this is a design trade-off 
resulting in a lower Q, since Q = Xi_/R, 
and decreased inductance means lowered 
Q. However, you have gained more com-
pact size: e. g., 432-MHz tank circuits 
may be built 1 or 2 inches long as 
compared with a full quarter-wavelength 
of 7 inches. You have also avoided an 
impedance-matching problem since con-
necting circuitry will usually be capacitive 
anyway. In a transistor tank circuit the 
collector capacitance, tuning capacitor 
and coil capacitance are combined. Out-
put is taken by either capacitor-divider 
coupling, transformer coupling or tapping 
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down on the coil. (Motorola has an 
excellent application note for rf transistor 
design.)2 

Tables 5, 6 and 7 contain computed 
data describing a wire of diameter D and 
length L, spaced height H above a ground 
plane as shown in fig. 2.* Wire size, 
height above ground and length in inches 
are specified along the edge of the induc-
tance tables. The data within the table is 
inductance (nH) on top, capacitance (pF) 
in the middle, self-resonance (GHz) on 

A . 

— - - - - ( 
— r o 

Tr 
JH GROUND PLANE 

fig. 2. Length of wire above a ground plane 
exhibits both inductance and capacitance. 
Dimensions are used to calculate values. 

and C rapidly approaches the free-space 
inductance as a limit, and the law of 
diminishing returns applies. 

Considering the resonator as a trans-
mission line, its characteristic impedance 
is Thus, moving the 1A-wave 
resonator too far from the chassis will 
raise its impedance to match the approxi-
mately 377-ohm radiation resistance of 
space. Then the resonator will then 
behave more like an antenna than a 
resonator. 

Adding additional ground planes at 
right angles to form a coaxial cavity 
around the wire lowers the resonant 
frequency by about 10%. This implies 
that L and C have changed by more than 
that amount since they move in opposite 
directions. An estimate of the inductance 
and capacitance of a coaxial shielded wire 
can be made by considering it simply as a 
wire that is closer to a single ground 
plane. 

the bottom. A s before, the use of these 
tables is best illustrated by several typical 
examples. 

example 4. What are the characteristics of 
a 2-inch length of no. 10 wire, spaced 0.25 
inch above a ground plane? From table 5, 
a 2-inch length of no. 10 wire has 21-nH 
inductance in parallel with 0.7 pF. Self-
resonant frequency 1.2 GHz (1200 MHz). 

design philosophy 

A quick scan of tables 5, 6 and 7 
reveals some interesting phenomena that 
should be kept in mind when laying out 
circuits. For example, moving the in-
ductor closer to a ground plane increases 
its capacitance. Not so obvious is the fact 
that this also decreases inductance. The 
inductor and the ground plane may be 
considered to be a transformer with a 
shorted secondary. Hence, increased 
coupling results in less inductance. It 
turns out that the capacitance changes 
more than inductance, and the net result 
is a lower resonant frequency. 

Moving the inductor away from the 
chassis will raise the Q. Beyond a height 
of one inch, however, the computed L 

*The inductance values shown in tables 5, 6 
and 7 were calculated from the formula 

L = .0116967 (log 4H/D + log —) 
+ .00508 (B-A +M1S 8 

- 2H + D j 
2 

where A = 1 + \ A 2 + 2 1 
4 

B = 1 + y / i 2 + 4 H 2 

/I (permeability) = 1 

Skin effect, because of its very small value, was 
neglected. The capacitance of the straight wire 
above a ground plane was calculated from 

n e l 

1n (4H-1) 
D 

where e is permitivity. As a check, capacitance 
measurements were made on a Boonton 250A 
R X meter operating at 1 MHz. Readings were 
within 0.4 pF of the calculated values. 

Next, the circuit of fig. 2 was duplicated, and 
a signal generator and rf detector were loosely 
coupled to the resonator. For each case 
measured the self-resonant frequency was 
within 20% of that calculated from the com-
puted inductance and capacitance. It is also 
gratifying that there is some correlation 
between the computed LC resonant frequency 
and resonance of %-wave transmission lines. 
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table 5. Inductance of wire 0.25 inch above a ground plane. Upper value is Inductance In nH, middle 
value is capacitance in pF, lower value is self-resonant frequency in GHz . 

wire 
size 

2 5 9 12 15 
2 .4 .7 1.1 1.5 1.8 

5.3 2.4 1.5 1.1 .9 

3 6 10 14 18 
4 .3 .6 .8 1.1 1.4 

5.4 2.4 1.6 1.2 .9 

3 7 12 17 21 
6 .2 .5 .7 .9 1.2 

5.5 2.5 1.6 1.2 .9 

4 9 14 19 24 
8 .2 .4 .6 .8 1 

5.5 2.5 1.6 1.2 .9 

4 10 15 21 27 
10 .2 .4 .5 .7 .9 

5.4 2.5 1.6 1.2 1 

5 11 17 23 30 
12 .2 .3 .5 .6 .8 

5.4 2.5 1.6 1.2 1 

5 12 19 26 33 
14 .1 .3 .4 .6 .7 

5.4 2.5 1.6 1.2 1 

6 13 21 28 36 
16 .1 .3 .4 .5 .7 

5.3 2.5 1.6 1.2 1 

6 14 22 30 38 
18 .1 .2 .4 .5 .6 

5.3 2.5 1.6 1.2 1 

7 15 24 33 41 
20 .1 .2 .3 .5 .6 

5.3 2.5 1.6 1.2 1 

7 17 26 35 44 
22 .1 .2 .3 .4 .5 

5.2 2.5 1.6 1.2 1 

8 18 27 37 47 
24 .1 .2 .3 .4 .5 

5.2 2.5 1.6 1.2 1 

Uhf resonators are usually made from 
the larger diameter wires, but data for 
wires smaller than no. 18 is included 
mainly for estimating component-lead 
inductance. The resonant frequency given 
in the tables sets the upper limit at which 
the inductor may be used; above reson-
ance it acts like a capacitor. The inductor 

length (inches) 

19 22 26 29 33 nH 
2.2 2.5 2.9 3.3 3.6 PF 

.7 .6 .5 .5 .4 GHz 

22 26 30 34 38 nH 

1.7 2 2.3 2.5 2.8 PF 

.8 .6 .6 .5 .4 GHz 

26 30 35 40 44 nH 

1.4 1.6 1.9 2.1 2.3 PF 
.8 .7 .6 .5 .5 GHz 

29 34 40 45 50 nH 

1.2 1.4 1.6 1.8 2 PF 

.8 .7 .6 .5 .5 GHz 

33 38 44 50 56 nH 

1.1 1.2 1.4 1.6 1.8 PF 
.8 .7 .6 .5 .5 GHz 

36 42 49 55 62 nH 

-9 1.1 1,3 1.4 1.6 PF 

.8 .7 .6 .5 .5 GHz 

40 47 54 61 67 nH 
.9 1 1.1 1.3 1.4 PF 
.8 .7 .6 .5 .5 GHZ 

43 51 58 66 73 nH 
.8 .9 1 1.2 1.3 PF 
.8 .7 .6 .5 .5 GHz 

47 55 63 71 79 nH 
.7 .8 1 1.1 1.2 pF 
.8 .7 .6 .5 .5 GHz 

50 59 68 76 85 nH 
.7 .8 .9 1 1.1 pF 
.8 .7 .6 .5 .5 GHz 

54 63 72 82 91 nH 
.6 .7 .8 .9 1.1 pF 
.8 .7 .6 .5 .5 GHz 

57 67 77 87 97 nH 
.6 .7 .8 .9 1 PF 
.8 .7 .6 .5 .5 GHz 

should be chosen so that with the added 
external circuit capacitance the LC 
combination will resonate at the desired 
frequency. 

example 5. It is desired to design 
a transistor tank circuit for 430 MHz 
as shown in fig. 3. The transistor has 
an output capacitance of 3 pF, and 

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
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table 6. Inductance of wire 0.5 inch above a ground plane. Upper value is inductance in nH, middle 
value is capacitance in pF, lower value Is self-resonant frequency In GHz. 

wire 
size 

3 7 12 17 22 
2 .2 .4 .6 .8 1 

6.3 2.7 1.7 1.3 1 

3 8 14 19 25 
4 .2 ,4 .5 .7 .9 

6.2 2.7 1.7 1.3 1 

4 9 15 21 28 
6 .2 .3 .5 .6 .8 

6.1 2.7 1.7 1.3 1 

4 10 17 24 31 
8 .1 .3 .4 .6 .7 

6 2.7 1.7 1.3 1 

5 11 19 26 33 
10 .1 .3 .4 .5 .7 

5.9 2.7 1.7 1.3 1 

5 13 20 28 36 
12 .1 .2 .4 .5 .6 

5.8 2.7 1.7 1.2 1 

6 14 22 31 39 
14 .1 .2 .3 .5 .6 

5.8 2.6 1.7 1.2 1 

6 15 24 33 42 
16 .1 .2 .3 .4 .5 

5.7 2.6 1.7 1.2 1 

7 16 26 35 45 
18 .1 .2 .3 .4 .5 

5.6 2.6 1-7 1.2 1 

7 17 27 38 48 
20 .1 .2 .3 .4 .5 

5.6 2.6 1.7 1.2 1 

8 18 29 40 51 
22 .1 .2 .3 .4 .4 

5.5 2.6 1.7 1.2 1 

9 19 31 42 54 
24 .1 .2 .3 .3 .4 

5.5 2.6 1.7 1.2 1 

the two impedance-matching variable, 
capacitors are assumed to present an 
average capacitance of 4 pF at the collec-
tor. Thus, total capacitance will be 7 pF 
plus inductor capacitance. An LC nomo-
graph (fig. 4) indicates that 20 nH will 
resonate with 7 pF at 425 MHz. 

length (inches) 

27 32 38 43 48 nH 
1.2 1.4 1.6 1.8 2 pF 
.8 .7 .6 .5 .5 GHz 

31 36 42 48 54 nH 
1.1 1.2 1.4 1.6 1.8 pF 
.8 .7 .6 .5 .5 GHz 

34 40 47 53 59 nH 
.9 1.1 1.3 1.4 1.6 PF 
.8 .7 .6 .5 .5 GHz 

37 44 51 58 65 nH 
.9 1 1.1 1.3 1.4 pF 
.8 .7 .6 .5 .5 GHz 

41 48 56 64 71 nH 
.8 .9 1.1 1.2 1.3 PF 
.8 .7 .6 .5 .5 GHz 

44 53 61 69 77 nH 
.7 .8 1 1.1 1.2 PF 
.8 .7 .6 .5 .5 GHz 

48 57 65 74 83 nH 
.7 .8 .9 1 1.1 pF 
.8 .7 .6 .5 .5 GHz 

51 61 70 79 89 nH 
.6 .7 .8 .9 1.1 pF 
.8 .7 .6 .5 .5 GHz 

55 65 75 85 94 nH 
.6 .7 .8 .9 1 pF 
.8 .7 .6 .5 .5 GHz 

58 69 79 90 100 nH 
.6 .7 .7 .8 .9 pF 
.8 .7 .6 .5 .5 GHZ 

62 73 84 95 106 nH 
.5 .6 .7 .8 .9 PF 
.8 .7 .6 .5 .5 GHz 

65 77 89 100 112 nH 
.5 .6 .7 .8 .8 PF 
.8 .7 .6 .5 .5 GHz 

The date for no. 14 wire spaced 0 .25 

inch above a ground plane (table 5) shows 
that a T/z-inch length has 17-nH induc-
tance and 10.5 pF capacitance. Therefore, 
the tank circuit consists of 19 nH in 
parallel with 17.4 pF and has a midrange 
resonance of 424 MHz. 

0.5 1.0 1.5 2.0 2.5 3.0 3.S 4.0 4.5 5.0 
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table 7. Inductance of wire l . o inch above a ground plane, upper value is inductance in nH, middle 
value is capacitance in pF, lower value is self-resonant f requency in GHz. 

wire 
size 0.5 

3 
2 .1 

7.1 

3 
4 .1 

6.9 

4 
6 .1 

6.7 

4 
8 .1 

6.5 

5 
10 .1 

6.4 

5 
12 .1 

6.3 

6 
14 .1 

6.2 

7 
16 .1 

6.2 

7 
18 .1 

6 

8 
20 .1 

5.9 

1.0 1.5 

a 14 
.3 .4 
3 1.9 

9 16 
.3 .4 
3 1.8 

10 18 
.2 .4 

2.9 1.8 

11 19 
.2 .3 

2.9 1.8 

13 21 
.2 .3 

2.8 1.8 

14 23 
.2 .3 

2.8 1.8 

15 24 
.2 .3 

2.8 1.8 

16 26 
.2 .3 

2.8 1.8 

17 28 
.2 .3 

2.7 1.7 

18 30 
.2 .2 

2.7 1.7 

2.0 2.5 

21 27 
.6 .7 

1.3 1 

23 30 
.5 .7 

1.3 1 

25 33 
.5 .6 

1.3 1 

27 36 
.5 .6 

1.3 1 

30 39 
.4 .5 

1.3 1 

32 41 
.4 .5 

1.3 1 

34 44 
.4 .5 

1.3 1 

37 47 
.4 .4 

1.3 1 

39 50 
.3 .4 

1.3 1 

41 53 
.3 .4 

1.3 1 

length (i 
3.0 3.5 

34 41 
.9 1 
.9 .7 

37 45 
.8 .9 
.9 .7 

41 49 
.7 .8 
.8 .7 

44 53 
.7 .8 
.8 .7 

48 57 
.6 .7 
.8 .7 

51 61 
.6 .7 
.8 .7 

55 65 
.6 .7 
.8 .7 

58 69 
.5 .6 
.8 .7 

62 73 
.5 .6 
.8 .7 

65 77 
.5 .6 
.8 .7 

4.0 4.5 

47 54 
1.1 1.3 
.6 .6 

52 59 
1.1 1.2 
.6 .6 

57 65 
1 1.1 

.6 .6 

61 70 
.9 1 
.6 .5 

66 75 
.8 .9 
.6 .5 

71 80 
.8 .9 
.6 .5 

75 86 
.7 .8 
.6 .5 

80 91 
.7 .8 
.6 .5 

85 96 
.7 .8 
.6 .5 

89 101 
.6 .7 
.6 .5 

5.0 

61 nH 
1.4 pF 

.5 GHz 

67 nH 
1.3 pF 

.5 GHz 

73 nH 
1.2 pF 

.5 GH2 

78 nH 
1.1 pF 

.5 GHz 

84 nH 
1.1 pF 

.5 GHZ 

90 nH 
1 PF 

.5 GHz 

96 nH 
.9 pF 
.5 GHz 

102 nH 
.9 pF 
.5 GHz 

108 nH 
.8 pF 
.5 GHz 

114 nH 
.8 pF 
.5 GHZ 

8 19 31 44 56 69 81 94 107 119 nH 
.1 .2 .2 .3 .4 .5 .5 .6 .7 .8 PF 

5.8 2.7 1.7 1.3 1 .8 .7 .6 .5 .5 GHz 

9 21 33 46 59 72 85 99 112 125 nH 
.1 .1 .2 .3 .4 .4 .5 .6 .7 .7 PF 

5.8 2.7 1.7 1-3 1 .8 .7 .6 .5 .5 GHz 

summary 

It is one thing to design on paper but 
uhf and microwave work always require a 
certain amount of "cut and try." The 
approximations made and factors ignored 
in this article would probably send chills 

up the spine of a physicist. However, 
physicists don't have to design equipment 
and make things work. 

Each piece of equipment is a unique 
problem. Armed with basic data and 
some mental fudge factors the designer 
can obtain a quick solution of reasonable 
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fig. 4. Resonant-frequency nomograph may be used to determine capacitor and inductor values over 
the range from 20 to 6000 MHz. The example indicates that 20 nH will resonate at 42S M H z with a 
7-pF capacitor. 

accuracy. Compared to that, an exact 
calculation is usually impractical. 

Z-K)f>F 

m 

:z-opF k 
m m 

fig. 3. Typical 425-MHz tank circuit. 
Effective circuit capacitance of 7.4 pF 
will resonate with 19 nH at 424 MHz . 
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how to use 
ferrite 

and 

powdered-iron 
for inductors 

A complete description 

of ferromagnetic rods, 

toroid cores, 

pot cores, 

and broadband transformers, 

and how to use them 

in your circuits 

"Just another hunk of Detroit Iron," says 
the sports-car buff as he is passed by a 
new Camaro. Detroit does use a good deal 
of iron in the manufacture of auto-
mobiles, but glass, plastics and rionferrous 
metals are replacing it in increasing quan-
tities. 

In electronics too, the drive is on to 
eliminate the iron and get everything 
down to one 100 x 100-mil silicon chip. 
Countless articles have been written on 
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how to eliminate inductors (and their 
iron) from resonant circuits. Because of 
these efforts there have been some notable 
successes in replacing inductors with 
capacitors by means of feedback tech-
niques. 

I praise these new techniques, not as 
replacements for iron, but as welcome 
additions to the engineering bag of tricks. 
With the new all-silicon techniques, we 
can now come up with solutions to 
problems that were once the job for large 
iron components. Furthermore, these 
new techniques solve problems that iron 
could never be expected to touch. If you 
adopt this view you gain engineering 
flexibility and can solve any given 
problem the best way (although the use 
of iron may be the best way). 

A brief look at conventional trans-
formers and chokes will help you under-
stand some of the basics. Any experi-
menter who has taken a transformer or 
choke apart (either for curiosity or re-
winding purposes) is aware that such 
devices are made of laminated steel 
sections. These laminations are generally 
in two forms, some resembling the letter 
E and some the letter I. This is called the 
E-l core. The careful disassembler proba-
bly also noted that the E and I sections in 
a swinging choke or transformer were 
stacked as shown in fig. 1A; smoothing-
choke E and I sections use the arrange-
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ment of fig. 1B with the addition of a 
small piece of cardboard. If you ever tried 
reassembling the transformer, you proba-
bly found that it ran hotter than the 
original, even when no more power was 
being transformed. 

magnetic circuits 
To understand some of these observa-

fig. 1 . E - I transformer 
cores. Drawing in A 
shows how laminations 
are interleaved for 
minimum reluctance. B 
shows s t a c k i n g of 
smoothing-choke lamin-
ations for insertion of 
cardboard air gap be-
tween E- and l-sections. 

tions, it might be a good idea to review a 
few basics of magnetic circuits. There are 
a number of ferro-magnetic substances, 
including iron, nickel and cobalt. These 
materials have a peculiar characteristic, 
that of high /z. 

The concept of /Li (mu) can be ex-
plained qualitatively by a simple experi-
ment. Wind a coil of 50 turns of num-
ber-24 enameled wire on a cardboard 
mailing tube and measure its inductance. 
It should come out in the neighborhood 
of 80 (JLH. Now insert a ferrite rod from 
an old transistor radio antenna into the 
coil; you should see the inductance in-
crease dramatically. While this is not a 
rigid definition of (j., it will give you a feel 
of its effect. 

Another useful magnetic concept is 
that of reluctance. If you can envision the 
presence of the ferrite rod in our experi-
mental coil as providing a low-impedance 
path for the magnetic field lines that flow 
axially inside the coil, reluctance is that 
impedance. Since magnetic field lines 
always close on themselves (flowing from 
north pole to south pole inside the coil 
and back again on the outside) it would 

seem that we could further reduce reluc-
tance by continuing our ferrite rod 
around the outside of the coil as in fig. 
2B, thereby increasing inductance. In 
fact, this is true, and the result is a coil 
with more inductance. 

The E-l construction is simply an 
extension of the technique of fig. 2B 
where two low-reluctance return paths 

are used in parallel outside the coil as in 
fig. 2C. A modern version of fig. 2B can 
be found in tape-wound C core or toroid 
used in 400-Hz power transformers and 
dc-to-dc converters. 

The mystery of why the rewound 
transformer ran hot can be understood in 
terms of eddy current loss. If the iron 
core was made of one solid piece of steel 
eddy-current loss would be very high. 
This occurs because the steel is an elec-
trical conductor, and appears as a shorted 
turn in the same plane as the turns of the 
transformer winding. Such shorted turns 
are broken up by insulating layers be-
tween a laminated core — usually with 
some sort of varnish. In disassembly and 
reassembly of an E-l transformer core, 
the varnish is partially removed. Unless 
the reason for the varnish is understood, 
and it is replaced, the rewound trans-
former will run hot. 

As transformers were called on to 
handle higher and higher frequencies it 
was found that the thickness of the 
laminations had to be made smaller. The 
reason for this is easily appreciated if we 
consider that the inductive reactance of a 

i6 SB a P r i | 1 9 7 1 



shorted turn goes up with frequency. 
Thus, at higher frequencies a small 
diameter shorted turn can give the same 
inductive reactance as a large diameter 
shorted turn at lower frequencies. 

The tape-wound cores that are avail-
able now have lamination thickness down 
to VA mil, and operate efficiently up to 
several thousand cycles per second. Of 

ferrite 
Ferrite is a relatively new material to 

be used in magnetic cores. Since ferrites 
are not pure metals like iron, nickel or 
cobalt they do not have high electrical 
conductivity. In fact, ferrites are made 
mostly of iron oxide plus some additive 
such as manganese; they are sintered at 
high temperature and become ceramic-

fig. 2. Inductance of simple coil is increased by ferrite core in A . By reducing the reluctance path as 
shown in B and C , inductance is further increased. 

course, the thickness of the inter-lamina-
tion insulation must be decreased at the 
same rate as the laminate. Otherwise the 
amount of magnetic material per unit 
volume in the core will be decreased. 
Such a decrease in magnetic material per 
unit volume would lower the \x of the 
core. 

Since the early days of telephone 
another type of magnetic core has been in 
use — the powdered-iron toroid. This 
form was suggested before 1900 by Oliver 
Heavyside as a solution to eddy-current 
loss.1 By coating iron filings with insula-
tion and compressing them into a dough-
nut shape, a non-conductive, closed-
magnetic structure is created that is use-
ful to fairly high frequencies. However, 
this technique also has its limitations 
because the size of the iron particles must 
decrease at higher frequencies, as must 
the thickness of the insulating coating. 

like — hard and difficult to modify after 
formation. Because of their low bulk 
conductivity, they offer nearly ideal 
high-frequency core characteristics: low 
eddy-current loss and high ix. 

ferrite beads 
The prospect of winding thousands of 

turns of fine wire on toroids, varnishing 
and restacking E-l sections, and doing 
other disagreeable tasks has probably 
discouraged most amateurs from ever 
building their own magnetic components. 
However, at audio frequencies and higher 
the situation is completely changed with 
modern magnetic cores. A useful ferrite-
core choke can be simplified to a single 
turn! This, of course, reduces winding to 
a trivial business. The example I refer to 
is the ferrite bead. 

Ferrite beads are made by several 
companies, but the beads most available 
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table 1. Equivalent parallel resistance and 
inductive reactance of Amidon Associates 
ferrite shielding beads (measured on Boonton 
250A R X meter). 

» 

frequency resistance inductive 
(MHz) (ohms) reactance 

(ohms) 

2 9 26 .5 j43 
50 29 .7 j 6 1 

1 0 0 32 .3 j 8 0 
1 4 4 3 3 . 4 j 82 
220 3 5 . 7 j 7 2 

to hams are sold in packets by Amidon 
Associates. The Amidon beads are useful 
for a host of choking applications; you 
simply slip a bead over a wire, and the 
wire becomes an rf choke. The nice thing 
about this rf choke is that it has very low 
Q, and is unlikely to create any nasty 
parasitic resonant circuits. 

A s an example, consider fig. 3 which 
represents a B+ decoupling system for 
two stages of an rf unit. The two 1000-pF 
feedthrough capacitors with one inch of 
number-20 bare hookup wire between 
them form a parasitic resonance at about 
45 MHz, and assure that adjacent stages 
are well coupled at that frequency. In a 
case where oscillation was rampant the 
simple expedient of slipping a ferrite bead 
over the wire cured the problem. 

What strange properties do these little 
beads have to effect such a cure? You 
find the answer when you measure one 
on a wire; the results are shown in table 
1. Other beads (such as those made by 
Ferroxcube, Ferronics and Stackpole) 

7 

\ / 
/ 

// 
v f 

; 2 3 4 3 to 20 30 40 SO 100 

FREQUENCY (MHz) 

fig. 5. Typical values of equivaient 
series resistance and inductance for 
Ferronics ferrite beads. 

behave similarly but they are not readily 
available except in large production 
quantities. 

The fact that a typical bead and wire 
looks like a parallel combination of 

fig. 4. Simple balanced mixer using a ferrite-
bead core. T t is three turns no. 32 wire, trlfilar 
wound on Amidon Associates ferrite bead. Two 
windings are cross connected to form center-
tapped section. Diodes are Hewlett-Packard 
5082-2800 or Motorola M B D 1 0 1 (preferably 
matched). 

NO ZO WIRE 

J 
STA6E n 

fig. 3. Typical B+ decoupling system is resonant 
at 45 MHz. Equivaient circuit is shown in B. 

35-ohms resistance and 75-ohms induc-
tive reactance (35 + j75) is reminiscent of 
the 47-ohm resistor with a small coil 
wound on it for a plate or grid parasitic 
choke. Substituting a ferrite bead for a 
parasitic choke is just as satisfactory in 
practice as it appears to be in theory. 

Beads are immensely useful for inter-
stage decoupling at hf through uhf, 
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fig. 6. Performance of a Ferroxcube 
V K 1 0 S 0 0 decoupling filter when 
measured with a load impedance of 
SO ohms. 

powercord line decoupling, suppressing rf 
oscillations in audio and dc circuitry, and 
even in logic circuitry for decoupling 
splinters and spikes that cause logic 
blocks to communicate with each other. 
I've even used a ferrite bead as a tiny 
pulse transformer to create very short 
pulses in a blocking oscillator.2 '3 Fig. 4 
shows a simple balanced mixer for vhf 
using a ferrite-bead core. There may be 
better cores for balanced (or doubly-
balanced) mixers but none as inexpen-
sive.4 

More complex forms of shielding 
beads are also available as commercial 
items. Longer cylinders of ferrite are 
available from Ferroxcube, Stackpole, 
Siemens and Allen Bradley, with various 
numbers of axial holes in them. For 
instance, a Ferroxcube 56-390-31/4B 
two-hole bead could be used to decouple 
two filament leads. 

You can insert a string of beads on a 
wire into a metal tube or section of 
copper braid for a lossy coaxial line that 
can be used for a really broadband rf 
rejection filter.5 Different companies 
have different ways of specifying the 
performance of ferrite beads, but most of 
these specifications are of little direct use. 
The Ferronics beads are described by a 

simple graph showing the equivalent 
series R and L versus frequency of one 
bead (21-030-F) on a piece of number-20 
wire. This is shown in fig. 5. Note that L 
decreases above 4 MHz, but since induc-
tive reactance is proportional to fre-
quency, it is held more or less constant. 

A number of companies offer a com-
bination ferrite bead and feedthrough 
capacitor for decoupling purposes. This 
low-pass L-network is very compact and 
effective if used properly. A curve of the 
Ferroxcube VK10500 is shown in fig. 6. 
The only precaution when using these 
devices is to get them in the right 
end-for-end configuration. Fig. 7 shows 
the correct and incorrect ways of using 
them. This is so the filter is in the LC, LC 
sequence required for a low-pass filter. 
When used incorrectly the two capaci-
tances are connected with a piece of wire 
between them that results in a parasitic 
resonant circuit just as in fig. 3. 

Many other types of ferrite cores are 
available besides beads. Toroids, pot 
cores, E-l combinations, U-l combina-
tions, rods, binocular cores and many 
others produced by U. S., European and 
Japanese firms. 

NO. SO WIRE HO, TO WIRE 

CIRCUIT G 

CORRECT 

CIRCUIT I M CIRCUIT e 

0 INCORRECT 

f i g . 7. Correct use of Ferroxcube 
V K 1 0 5 0 0 decoupling filter is shown In 
A . Incorrect installation in B results in 
parasitic resonant circuit as in fig. 3. 

toroid cores 

The toroid is perhaps most familiar to 
hams.6 However, it has several limita-
tions; it is hard to wind (you need a 
bobbin or special toroid winding ma-
chine), and it is only available as a dosed 
magnetic structure. The closed magnetic 
structure gives minimum reluctance, and 
hence the largest inductance per turn-
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squared, but is easily saturated. The 
closed magnetic structure is similar to the 
swinging choke (which has no air gap) 
and E-l transformer. To avoid saturation, 
toroids are used in applications where 
very little dc current flows through the 
coils wound on them. This means that 
you'll find wide use of toroid inductors in 
audio preamps (in low- or band-pass 
filters), in receiver tuned circuits and in 
low power transmitter stages. 

The really nice thing about toroids is 
their inherent magnetic shielding, since 
they have a closed magnetic structure. 
The entire magnetic field is virtually 
confined inside the toroid core if you 
stay well below saturation. T h i s m e a n s 

that multistage filters and amplifiers can 
be built with toroid inductors without 
much concern for coupling between them 
(with the resultant instability). However, 
capacitive coupling between toroid coils 
must still be considered. This extreme 
magnetic field confinement is most ap-
parent when you try to couple a grid-dip 
meter to a toroid inductor — and general-
ly fail. 

Until fairly recently ferrite and pow-
dered-iron toroids were not available for 
frequencies above a few hundred kilo-
hertz. Now, however, ferrites are available 
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fig. 9. Frequency ratings for Arnold 
Engineering toroid-core materials. 

that are useful into the GHz range, and 
powdered iron available for use up to 
several hundred MHz. 

Let's look at a few examples. Amidon 
Associates* markets most of the pow-
de red-iron toroids manufactured by 
Micro-Metals. They have toroids that are 
molded of types 2, 6, and 10 mixes, as 
designated by Micro-Metals. These mixes 
are all carbonyl types. Carbonyl is the 
chemical name for a compound formed 
of some substance and a carbon mon-

table 2. Identification of Micro-Metals core 
materials. 

mix basic 
number iron powder color code 

1 Carbonyl C blue 
2 Carbonyl E red 
3 Carbonyl HP gray 
4 Carbonyl J blue and white 
5 Carbonyl L brown 
6 Carbonyl SF yellow 
7 Carbonyl T H white 
8 Carbonyl GQ4 orange 

10 CarbonylW black 
12 IRN 8 green and white 
13 IRN 9 green and red 
15 Carbonyl GS6 red and white 
19 electrolytic — 

22 flake green and orange 
41 hydrogen reduced green 
42 hydrogen reduced — 

•Amidon Associates, 12033 Otsego Street, 
North Hollywood, California 91607. 
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fig. 8. Frequency ratings for Micro-
Metals toroid cores. Asterisked core-
material mix numbers are available from 
Amidon Associates. Numbers on bars are 
Q readings. 
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table 3. Typical torold-core winding data for 
Micro-Metals cores available from A m i d o n 
A s s o c i a t e s . 

cor* wire size number Inductance frequency Q 
(AWQ) of turn* <PIH) (MHz) 

T-94-2 30 125 130.0 0 .90 232 
1 5 / 4 4 lltz 2 0 0 328 .0 0 .78 278 
15/44 lltz 4 0 0 1420.0 0 .37 276 

T-40-2 2 0 36 7.8 4 .0 280 
26 80 37.0 S.5 246 
34 220 276 .0 0.8 188 

T-68-2 20 26 3.9 5.5 260 
28 79 33.0 2 .5 240 
3 4 197 192 .0 1.0 190 

T-50-2 2 0 19 2 .08 6 .4 207 
30 79 33 .0 2 .3 200 
32 200 218 0 .4 124 

T-37-2 20 12 0 .64 8.0 158 
24 22 2 .16 7.0 170 
26 28 3 .34 6.0 183 

T-25-2 26 14 0 .72 12.0 136 
30 30 3.22 8 .0 162 
36 65 14.5 5 .0 148 

T-12-2 28 9 0 .19 21.0 75 
32 17 0 .65 15.0 84 
4 0 40 3.37 10.0 85 

T-94-6 16 25 4.7 5.0 350 
20 20 3.0 6 .0 340 
20 35 8.7 3.0 339 

T-80-6 16 20 1.88 9 .0 317 
20 15 1.1 10.0 255 
2 0 28 3.6 6 .0 299 

T-68-6 20 23 2 .42 10.0 304 
2 0 15 1.08 10.0 270 
22 33 5.1 6 .0 305 

T-50-6 18 14 0 .86 14.0 252 
22 25 2 .60 10.0 260 
26 42 7.5 6 .0 244 

T-37-6 20 12 0 .48 18.0 181 
22 17 0 .97 14.0 194 
26 28 2 .45 10.0 195 

T-5-6 24 10 0 . 3 0 21.0 152 
28 2 0 1 .10 15.0 164 
36 67 11.7 6 .0 138 

T-12-6 3 0 11 0 .23 25 .0 92 
34 18 0 .56 20.0 90 
36 25 1.06 15.0 96 

T-50-10 20 10 0 .37 25 .0 178 
20 15 0.81 18.0 190 
22 20 1.38 13.0 188 

T-37-10 20 8 0 . 2 0 30.0 138 
22 15 0.61 20 .0 165 
26 25 1.54 15.0 162 

T-25-10 2 2 7 0 .12 4 5 . 0 135 
24 9 0 .18 35 .0 141 

T-12-10 28 7 0 .06 60 .0 120 
30 11 0 .16 40 .0 101 
32 14 0.26 35 .0 87 

oxide molecule; all three ferromagnetic 
metals form such carbonyls: Fe(C0)5, 
Ni(C0)4 and Co2(CO)g. 

The Micro-Metals cores available from 
Amidon Associates, mixes 2, 6, and 10, 
are identified as carbonyl E, carbonyl SF, 
and carbonyl W. The same carbonyls are 
listed by Arnold Engineering Company in 
their catalogs. Fig. 8 shows the general 
frequency range of usefulness for Micro-
Metals materials, and a similar chart 
published by Arnold is shown in fig. 9. 
Table 2 identifies the Micro-Metals mix 
number with the more commonly used 
name; e. g., carbonyl E and mix number 2 
are the same. A s you can see the graphical 
representations are in general agreement; 
differences reflect details of material use. 

Table 3 shows the performance of 
toroid cores available from Amidon 
Associates, and should give you a good 
feel for which core to use at a given 
frequency. These point values were ap-
parently extracted from Micro-Metals' 
"Engineers Aide Handbook" which is 
more complete, giving continuous curves 
of Q vs frequency for each core with 
different numbers of turns. This hand-
book is very nice, but it costs $10.00; 
table 3 will probably suffice for most 
amateur designers. Fig. 10 is an example 
of how the Micro-Metals handbook treats 
a typical core. 

The surprising thing about coils wound 
on powdered-iron toroids is their Q. Note 
that Qs of several hundred are quite 
typical. The only other coils that give 
such high Q are air-wound types such as 
B&W Miniductor or Airdux {and then 
only when they're not too close to the 
chassis or in special high-conductivity 
shield cans). 

Toroids are also available in ferrite 
material. You will find that ferrite toroids 
provide coils that have much larger induc-
tance for a given number of turns because 
the ferrites have a much higher effective fx 
then the powdered irons. For comparison 
purposes consider a Micro-Metals T-44-6 
which has an inductance of 0.5 jiH for 10 
turns. A similar sized ferrite core of Q1 
material (Indiana General CF103) with 
the same number of turns will provide 
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table 4. Performance of Amidon balun kit as 
measured with Boonton 250A R X meter. For 
this data a 200-ohm carbon resistor was used as 
a balanced load. 

frequency resistance parallel 
(MHz) (ohms) x L 

3 . 5 5 3 . 8 + 1 9 0 
7 5 3 . 0 + J 1 1 2 

1 4 5 2 . 5 +J"204 
2 9 4 9 . 6 + i 2 2 0 
5 0 4 4 . 5 + j l 2 2 

inductance of 3 juH. 
This fact would seem to be all on the 

positive side; large inductance coils with 
few turns. But it's not all "beer and 
skittles!" Since one turn difference in the 
coil can cause such a large change in 
inductance, it is difficult to achieve an 
exact inductance value (there's no such 
thing as a half turn in a toroid coil). Also, 
it turns out that ferrite coils have a rather 
severe variation of both inductance and Q 
with temperature. 

The ferrite cores that are most easily 
obtainable in small quantity are Indiana 
General types. A good representation of 
the Indiana General catalog is carried by 
Newark Electronics in their 1971 mail-
order catalog. 

One of the more popular applications 
for large diameter toroid cores is as 
balanced-to-unbalanced transformers 

(baluns) for antennas. The Amidon balun 
kit is a typical example. The performance 
of this kit, connected as a 4:1 balun, is 
shown in table 4 (balun winding consisted 
of 14 turns bifilar-wound nunrber-14 
wire). 

ferrite-core rf choke 
Ferrite rods are commonly used as 

cores for high-current rf filament chokes. 
A typical example is the filament-choke 
kit available from Amidon Associates that 
uses a 1 2 X 1 0 0 mm ferrite-rod core. 
With the two bifilar windings connected 
in parallel (as used in a typical circuit) it 
has 26-/xH inductance. This represents 
500-ohms at 3.5 MHz, or ten times the 
usual 50-ohm driving impedance. 

To test the choke 1 mocked up a 
typical linear amplifier using two 
grounded-grid 811As in parallel. Total 
capacitance to grid was 23 pF; this gives a 
parallel resonance at 6.5 MHz that was 
confirmed with a grid-dip meter. Between 

table S. Characteristics of the Amidon 
Associates ferrite-core filament choke. 

parallel parallel equivalent 
frequency capacitance resistance parallel 

(MHz) (pF) (ohms) reactance 

7 1 7 . 5 o o ~ / 1 5 0 0 
1 4 1 8 . 7 3 5 k ~ j 6 0 0 
2 1 2 3 . 6 2 5 k ~ j 3 3 0 
2 8 2 4 . 5 2 5 k - J 2 4 0 
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table 6. International standardized pot-core sizes. 

diameter height Siemens Indiana General TDK Nippon Electric Magnetics Inc. Ferroxcube 
(mm) {mm) part part part part part part 

9 5 6 5 521 - - - 4 0 9 0 5 -

11 7 65 531 - - — 4 1 1 0 7 1107P 
14 8 65 541 TC1-01 P14/8 PI 4 /8 4 1 4 0 8 1408P 
18 11 65 551 TC1-02 P18/11 P18/11 4 1 8 1 1 1811P 
2 2 13 65 661 TC1-03 P22 /13 P22 /13 4 2 2 1 3 2213P 
26 16 65 671 TC1-04 P26 /16 - 4 2 6 1 6 2616P 
30 19 65 701 TC1-05 P30 /19 - 4 3 0 1 9 3019P 
36 22 65 611 TC1-06 — — 4 3 6 2 2 3622P 

6.5 and 30 MHz I could find no parallel 
resonant points with the grid dipper. 
Performance of the filament choke, as 
measured with a Boonton RX meter, is 
shown in table 5. 

pot cores 

To cut down the high effective (i and 
temperature coefficient of ferrite-wound 
coils, they are usually wound on gapped 
cores. The most common gapped ferrite 
core is the pot core. This form is 
particularly nice because the gap is in the 
center post where it does not couple to 
the outside world. Furthermore, most pot 
cores have a slug available that can be 
adjusted in the gap to vary inductance by 
± 5%. Another advantage is gained with 
pot cores: The core comes in two 
matched halves; the coil form may be 
easily wound and then inserted into the 
core halves. There are various clamping 
arrangements for holding pot-core halves 
together; each manufacturer has his own 
mechanical technique. 

Amidon Associates ferrite-core rf choke. 

Fortunately, there has been some 
standardization in pot-core sizes. Since 
they seem to be of European origin the 
sizes are all in millimeters. Table 6 shows 
the standard pot core sizes. Also, a 
uniform method of designating what 
inductance a gapped pot core of so many 
turns will produce has been adopted by 
manufacturers. The AL core number 
designates nanohenries per turn-squared. 
A nanohenry is 1/1000 of one /jH; the 
rating is per turn squared because induc-

using the pot-core winding tables 
Assume the required inductance, l_x. is 150 
mH, A ferroxcube pot core, 1811PA100 is to 
be used. Find the number of turns required, 
and the largest usable wire size. 
1. Number of turns j_ 

= — £ X 1000 
A l 100 

150 

X 1000= 1225 turns 

2. Winding area of bobbin of 0.030 square inch 
(see table 5). 
3. Turns per square inch: = 40,800 

.030 

4. From table 6, 39 AWG, heavy-Form var 
insulation, has 53,855 turns per square inch, 
thus can be used to w ind the 150-mH inductor. 
Assume a 2 2 - m m c o r e , F e r r o x c u b e 
2213P-A250 is wound wi th 40 AWG single 
Formvar. Calculate inductance when bobbin is 
ful ly wound. 

1. Winding area for bobbin is 0.047 square inch 
(see table 5). 
2. Turns per square inch for 40 AWG single 
Formvar is 82,180 (see table 6). 
3. Winding factor of 90%: (82 ,190X90%) = 
74,000 turns per square inch. 
4. Number of turns: (74,000 X 0.047) = 3478. 
5. Inductance is /UeL0 mH (see table 5 for 
values). Therefore: (97.6) X (2.50 X 10*6) X 
(3478 turns ) = 2940 mH. 
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table 7. Abbreviated pot-core data for F e r r o x c u b e cores, 
wire-winding data in table 6. 

T h i s Information is used with the 

core 
diameter 

14 m m 

available induct , 
pot core core material ( m hi/ 
part no. 3 B 5 3 D 3 3 H 1 1 0 0 0 N ) fJe 

winding area 
(sq. in.) 

single section 
L O accessories 

( m H O ) Bobbins Hardware 

18 m m 

2 2 m m 

2 6 m m 

bobbin 
1408P-A40* - X - 4 0 24 
1408P-A60* X X X 6 0 36 0 .0158 -> r. 1408 F I D 1408H 
1408P-A100* X X X 100 60 0 .0158 1408 F2D 
1408P-A160* X - X 160 96 

1811P-A40* . X - 40 18 
1811P-A60* X X X 6 0 27 1811 F I D 1811H 
1811P-A100* X X X 100 45 0 . 0 3 0 2 . 1 9 N 2 X 1 0 - 6 1 8 1 1 F2D 
1811P-A160* X X X 160 73 1811 F3D 
1811P-A250* X - X 2 5 0 114 

2213P-A60* . X . 60 23.4 
2213P-A100* X X X 100 39 
2213P-A160* X X X 160 62 .5 2 2 1 3 F I D 
2213P-A250* X - X 2 5 0 97.6 0 .047 2.50IM2X10-6 2 2 1 3 F2D 2213H 
2213P-A400* X - X 4 0 0 156 

0 .047 
2 2 1 3 F3D 

2213P-A600* X - X 6 0 0 234 

2616P-A100* . X . 100 31 
2616P-A160* X X X 160 49 
2616P-A250* X - X 2 5 0 77 2 6 1 6 F I D 
2616P-A400* X - X 4 0 0 123 0 .067 3 . 2 5 N 2 x l 0 - 6 2 6 1 6 F2D 2616H 
2616P-A600* X - X 6 0 0 185 2 6 1 6 F3D 

* A d d material designation to complete part number 

tance increases as the square of coil turns. 
The A L number is almost always printed 
on the flat end of a pot core and is easy 
to find. If the core has no air gap it is 
usually marked OL. 

As an example of using the A L num-
ber assume a Siemens core of N22 mater-
ial, 18 X 11 mm with an A L number of 
160. With 100 turns of wire on it the 
expected inductance will be: 

L = (AL) T 2 = (160 nH) (100T)2 

= 1.6 x 106 nH 
= 1600 juH or 1.6 mH 

The size of the wire should be chosen 
to fill the bobbin, and charts are available 
to help choose proper wire size. Typical 
charts are shown in tables 7 and 8. These 
charts are for Ferroxcube pot cores, but 
since pot cores come in standard sizes 
they can be used approximately for other 
brands. (Siemens has a chart for metric 
wire sizes which would be of interest to 
European amateurs.) 

There are a number of different fer-
rites from which pot cores can be used. 
Each manufacturer has his own designa-
tion for these and a recommended fre-
quency range for each. Ferrites are made 
in this country by Indiana General, Stack-
pole, Allen Bradley, Ferronics and Arnold 
Engineering. Foreign manufacturers that 
market in the U. S. are Siemens, Ferrox-
cube (Phillips), Nippon Electric and TDK. 
Since each company has its own set of 
materials and designations, it is a bit hard 
to present a list of what type is best for a 
given frequency. 

broadband rf transformers 
Until ferrite and high-frequency pow-

dered-iron cores became available there 
was no such thing as a broadband rf 
transformer. Now, thanks to these mater-
ials, they are widely used from below hf 
to above vhf. These broadband trans-
formers use closed magnetic structures 
such as toroids, non-gapped pot cores and 
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table 8. Wire-winding data shows maximum number of turns of various wire sizes f o r the pot cores 
shown in table 5. Since pot cores come in standard sizes this data may be applied approximately to 
all brands. This Information is based on exact layer winding. Normally 90% to 95% of these values 
are used, depending on whether the coil is random or layer wound. 

wire cross-sectional area 
size circular square turns per sq inch resistance per 
AWG diameter mils inches hf wire sf wire 1000 f t 

15 .0571 3260 256 10-s 259 275 3.18 

16 .0508 2580 203 10-s 327 346 4.02 
17 .0453 2050 161 10-s 407 432 5.05 
18 .0403 1620 128 10-5 509 544 6.39 
19 .0359 1290 101 10-5 634 679 8.05 
20 .0320 1020 804 10-6 794 854 10.7 
21 .0285 812 638 10-6 989 1063 12.8 
22 .0253 640 503 10-6 1238 1343 16.2 
23 .0226 511 401 10-6 1532 1677 20.3 
24 .0201 404 317 10-6 1893 2094 25.7 
25 .0179 320 252 10-6 2351 2632 32.4 
26 .0159 253 199 10-6 2932 3326 41.0 
27 .0142 202 158 10-6 3711 4112 51.4 
28 .0126 159 125 10-6 4581 5213 65.3 
29 .0113 128 100 10-6 5621 6383 81.2 
30 .0100 100 785 10-7 7060 8145 104 
31 .0089 79.2 622 10-7 8455 10,097 131 
32 .0080 64.0 503 10-7 10,526 12,270 162 
33 .0071 50.4 396 20-7 13,148 15,615 206 
34 .0063 39.7 312 10-7 16,889 19,654 261 
35 .0056 31.4 246 10-7 21,163 25,531 331 
36 .0050 25.0 196 10-7 26,389 31,405 415 
37 .0045 20.2 159 10-7 31,405 39,570 512 
38 .0040 16.0 126 10-7 39,567 49,070 648 
39 .0035 12.2 962 10-8 53,855 65,790 847 
40 .0031 9.61 755 10-8 65,790 82,1 BO 1080 
41 .0028 7.84 616 10-8 - 98,856 1320 
42 .0025 6.25 491 10-8 - 121,174 1660 
43 .0022 4.84 380 10-8 - 158,246 2140 
44 .0020 4.00 314 10-8 - 205,517 2590 
45 .0018 3.24 254 10-8 - 249,855 3200 
46 .0016 2.56 201 10-8 - 310,205 4050 

note: hf is heavy Formvar insulation; sf if single Formvar. 

multi-aperture cores. The amateur radio 
literature has a number of references on 
using toroids as balance-to-unbalance 
transformers (to match 50-ohm coax to 
balanced antennas).7 '8 '9 Most of these 
references are derived from an article in 
the Proceedings of the IRE.10 Balun-type 
transformers have become so popular that 
Amidon Associates offers the necessary 
toroid cores and wire in a balun-kit. The 
references show how to build 1:1 and 4:1 
transformers (either balanced-to-unbal-
anced or unbalanced-to-unbalanced}. 

By using high-frequency ferrite pot 
cores, North Hills has rf transformers that 
will match 50- or 75-ohm coax to bal-

anced impedances from 50 to 800 ohms. 
These transformers are apparently more 
difficult to build than the 1:1 or 4:1 
types; they are probably adjusted at the 
factory with time-domain reflectometry 
(TDR). Reference 10 gives some details 
on optimizing bandwidth using TDR 
techniques. In using the North Hills trans-
formers I found that a 50-to-200-ohm 
unit will not function well as a 75-to-
300-ohm transformer, and so on. This is 
because the bifilar winding apparently 
acts as a transmission line which 
shouldn't be mismatched. 

Broadband rf transformers are now 
available from at least four firms, in-
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eluding North Hills, Vari-L, Relcom and 
Vanguard in a variety of ratios. North 
Hills even has one that will take 1000 
watts. 

The broadband rf transformer has 
made a number of new devices possible. 
Probably the most important of these is 
the double-balanced hot-carrier diode 
modulator. These wonderful devices are 
available commercially from a number of 

^ CHYSTALONICS 

fig. 11. Basic circuit of broadband fet rf preampli-
fier used in Comdel HDR101 . Bandwidth of unit is 
O.S to 40 MHz, voltage gain is 9 dB, noise figure is 
2.5 dB, dynamic range is 140 dB. 

firms. They are the nearly perfect mixer 
that was wanting for so many years. 
References 11, 12 and 13 cover some of 
the details and use of these mixers, and 
reference 4 shows how they can be built 
at home. 

Comdel, fnc.,* is using broadband rf 
transformers and fets to build a very fine 
high-frequency preamplifier. The Comdel 
HDR-101 is nearly perfect for improving 
sensitivity of communications receivers 
with minimum decrease in maximum 
signal handling capacity.14 A typical 
high-frequency communications receiver 
may have a noise figure of 12 dB; the 
Comdel preamp has a noise figure of 2.5 
dB with 9-dB gain. The combination 
yields a receiver system having 9 dB more 
gain and a 5.5-dB noise figure. A general 
description of the Comdel circuit was 
published in references 15 and 16; it is 
shown in fig. 11. Since the output trans-
former can be handwound as described in 
reference 10 this circuit is within the 
realm of home construction. Care is neces-
sary in choosing the input rfc. No doubt 

there are a number of subtle engineering 
tricks that contribute to the excellent 
performance of the Comdel unit, but the 
circuit of fig. 11 can serve as a start for 
the serious experimenter. 

A n interesting circuit for a broadband 
push-push doubler using a North Hills 
5 0 -1 o -400-o h m u nba ta need -to-ba la need 
transformer* is shown in fig. 12. The 
circuit cancels the fundamental by 
balance and requires no filtering to pro-
duce more second harmonic than funda-
mental. While it is shown using a matched 
pair of fets, I obtained somewhat similar 
results with a selected pair of HEP802s 
chosen with nearly equal Idss. 

The 400-ohm balanced to 50-ohm 
ferrite unbalanced transformer used in 
fig. 12 is also quite nice for adapting 
older hf receivers to newer 50-ohm 
systems. Most older hf receivers (such as 
my Hallicrafters S2OR) have a 400-ohm 
balanced antenna input which was 
designed to match the Zepp and similar 

-I5V 

fig. 12. Broadband push-push doubler circuit. T l is 
broadband 50-ohm-unbalanced to 400-ohm bal-
anced transformer (North Hills 556026-336).* 

antennas of the era. If you're one of the 
fortunate few who have a large rhombic 
fed with 600- or 800-ohm open-wire line 
commercial broadband transformers are 
available that will readily adapt your 
antenna system to a 50-ohm unbalanced 
receiver. 

*The author has a limited number of these 
transformers available to experimenters at 
$5.00 plus $0.50 for postage and packing. Write 
to Hank Olson, Post Office Box 339, Menlo 
Park, California 94025. 
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rh 
fig. 13. High-frequency multicoupler isolates receivers from antenna. Transformers are 200-ohm-to-
50-ohm balanced-to-unbalanced, such as the North Hilts 0502AA. Tube V I is a high-transcon-
ductance triode (20,000 umho); other tubes are sharp-cutoff pentodes. 

By combining a distributed amplifier 
wi th a broadband ferrite transformer it is 
a fairly simple matter to make a multi-
coupler as shown in fig. 13; it is used to 
connect up to five hf receivers to the 
same antenna. Each receiver is isolated 
from the others and may be used at any 
frequency in the hf band (assuming that 
the antenna is a broadband type such as a 
log-periodic). Note that the input capaci-
tance of the pentodes and the 2.2-juH 
inductors from an artificial lumped-con-
stant 500-ohm transmission line — this is 
why the input is broadband. This 
vacuum-tube design is obsolete in the 
semiconductor age but modification to 
fets should be fairly straightforward. 

There are numerous uses for ferrite 
and powdered-iron cores in measurement 
equipment. Doug DeMaw's low-power 
directional power meter is a good ex-
ample.17 Another good antenna-measur-
ing device uses a two-hole ferrite shielding 
bead in a bridge.18 This simple bridge can 
be built with a two-hole ferrite bead 
available from W6KZK. 

summary 
High-frequency ferrites and powdered 

iron enable us to use techniques at higher 
frequencies which formerly were re-
stricted to audio and power frequencies. 
If you can think of a magnetic com-
ponent that is used at audio, the chances 
are quite good that the same technique 
can be applied at hf or vhf with the cores 
that are currently on the market. 

*The ferrite core with windings, as described in 
reference 18, is available for $.50 from Swan 
Antenna Company, Post Office Box 1122, 
Stockton, California 95201. 
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customizing the 
fm control head 

Modifications 

to improve performance 

of older 

mobile fm sets 

Many two-meter fm enthusiasts can't 
afford the latest Motrac or Motran equip-
ment for mobile operation and must be 
content with older offerings. Many older 
vibrator-powered mobile sets are available 
at reasonable prices but have certain 
disadvantages. 

Some older sets have a frequency 
selection of four channels; however most 
are limited to one or two channels. Also, 
most older sets are trunk-mounted, which 
requires a control head. These heads 
aren't too attractive, especially when used 
in late-model cars. Furthermore, when it's 
desired to add other circuits, these heads 
can't be used unless they're large. 

In this article I've described some 
modifications that will improve a typical 
two-meter mobile fm set - the RCA Car-
fone. These modifications are adaptable 
to other sets with a little ingenuity. 

The original Carfone remote head was 
reinstalled in a new enclosure for en-
hanced appearance. Other features were 

also added to make this equipment com-
petitive with late-model mobiles: 

1. Modification from 2- to 5-channel 
operation. 

2. Modification for a dynamic micro-
phone. 

3. Addition of a dial encoder for 
repeater and auto patch. 

4. Adaptability for channel scan 
(which will be added later). 

multichannel modifications 
A mobile fm set can be modified in 

many ways for multichannel operation. If 
space is a consideration, it is advanta-
geous to remotely locate the transmit and 
receive crystal oscillators. The circuit of 
fig. 1 was added to the control head of 
my set to increase frequency coverage. 

13 (Interested readers may wish to read the 
re article in which this circuit first ap-

peared.)1 

^ Referring to fig. 1, a multichannel 
crystal oscillator and emitter follower 

| provide signal inputs to the trunk-
al mounted set via RG-58/U coax cable. 

Selector switches for transmit and receive 
|> modes are independent, so any combina-
•fcs tion of frequencies within the limits of 
g the circuit is possible. This is especially 
~ desirable because many frequencies are 
M used on two meters for repeaters with 
§ simplex operation. Printed circuit boards 
^r are available for those wishing to make 
ffl this conversion.* 
i>« Two circuit boards are required, one 
> for the transmit and one for the receive 
d channel. The transmit-channel oscillator 
m supplied sufficient drive to produce the 
£ 'Write Sam Craig, W2ACM, 5812 Tilton Road, 

> East Syracuse, New York 13057-
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same output as that from the original 
oscillator in my unit. However, the injec-
tion signal from the receiver board was 
rather low, so I included a resonant 
circuit consisting of a slug-tuned inductor 

leaving one set of crystals in the trunk-
mounted unit. 

microphone modification 
Most older fm sets use a carbon mike. 
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fig. 1. Remote oscillator circuit for multifrequency operation. T w o circuit boards are required. 
Receive board is fed directly from 12 V d c at on-off switch. Transmit board is fed by a keyed 12 V d c 
source. Output of each is fed via R G - S 8 / U coax to trunk-mounted set between grid and ground of 
original oscillators. 

and parallel capacitor tuned to the crystal 
frequency. This circuit was installed 
between the receiver-board output and 
the 0.01 -jttF coupling capacitor (fig. 1). 
The signal was then routed via RG-58/U 
cable to the set in the car trunk. 

If your mobile set has two channels, 
with this addition you'll have five chan-
nels. The remote unit supplies four 
channels, and a fifth is obtained by 

Rear view of the R C A Carfone showing 
addition of transmit and receive oscilla-
tor boards for extended frequency cover-
age. 

Its audio quality is fair but not the best. 
The modern (medium- to high-priced) fm 
mobile units are designed to use a 
dynamic mike that has a built-in pre-
amplifier. 

My unit uses a Motorola CTMN6019A 
mike, which requires approximately 4 
volts negative to drive the built-in preamp 
(fig. 2). Some mikes, like the Shure 405T, 
operate from a positive-supply voltage, 
which is readily available from the B+ 
supply through a voltage divider and 
filter. The improvement in audio quality 
is remarkable, and the new microphone is 
much more attractive next to the new 
control head. 

dial and encoder 
The telephone dial, which is mounted 

on the front panel of the modified 
control head, pulses the tone encoder. My 
encoder unit, shown in fig. 3, oscillates at 
about 2.6 kHz. The oscillation frequency 
is easily changed by selection of the 
capacitor across the toroid transformer 
primary. Any good npn transistor can be 
used. Component values aren't at all 
critical. The encoder frequency will have 
to fit the requirements of your area. 

This circuit can be used for auto patch 
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control with a repeater station that in-
cludes this feature. Auto patch is be-
coming quite popular in the U. S. as well 

head as described is not equipped for this 
feature but is compatible with such a 
modification. 

BIAS SUPPLY 
20-3SV 

-9 

fig. 2. Modifications 
for converting the 
R C A C a r f o n e 
mobile to a dynamic 
microphone input. 
Break circuit at 
point X . 

TO DYNAMIC 
MICROPHONE 
THRU CABLING 

m 

as in Canada. It allows the mobile fm 
operator to communicate via landline 
telephone circuits and is sanctioned by 
"Ma Bell."2 

channel scan 
This is a monitoring system that 

permits you to keep track of more than 
one channel at a time, while auto-
matically locking onto a transmitting 

closing note 
Mobile fm operation is a very popular 

part of ham radio, and the number of 
converts to this communication mode is 
increasing at a tremendous rate. The 
benefits of mobile fm over CB channels are 
obvious. Almost every metropolitan area 
has one or more amateur fm repeater 
stations that receive the mobile signal and 
retransmit it at increased power, thus 

fig. 3. Dial encoder oscilla-
tor using an 88-mH toroid 
and junk-box parts. Capaci-
tor marked with asterisk 
determines frequency. 

channel. Most systems use a ring counter 
(one for each channel) triggered by a 
unijunction relaxation oscillator. The 
UJT, in turn, is operated by the noise 
rectifier of the mobile unit. The control 

allowing even the most modest mobile 
signal to be "top dog" on the frequency. 

Fm equipment is reliable and generally 
trouble-free. When it is necessary to 
service fm equipment, you won't have 
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much trouble getting your set back into 
operation because of the commonality of 
circuits — you can usually find someone 
who is familiar with your particular 
equipment 

your particular requirements. All circuits 
shown here have been tried and proven. 

The improved appearance of the 
modified control head will keep the wife 
happy, and the dial will keep the kids 

ai/xi 
neo 

SI/X5 
AMBER 

7 -Z 

r 

Circuit of original control head which was installed In the new control box. 

Controls are simple and straight-for-
ward, consisting of an on-off-volume con-
trol, squelch control, and push-to-talk 
microphone. Antennas are physically 
small and easy to install and tune. 

I have described a number of ways to 
customize an older mobile two-meter fm 
installation. The extent of your moderni-
zation work will, of course, depend on 

occupied on those long trips (but be sure 
the equipment is switched off!}. 
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When working with various electronic 
systems it's often necessary to think in 
terms of power, voltage, impedance and 
dBm, and to move rapidly from one unit 
of measurement to another. Rather than 
making a calculation each time you 
change from one unit to another, it is 
much easier to use the graphs in figs. 1 
and 2. These graphs are an analysis of 
power vs voltage as a function of im-
pedance. 

The chart in fig. 1 covers power levels 
from 1 milliwatt to 1 watt, while the 
graph in fig 2 covers the range from 1 
watt to 1 kilowatt. The power range in 
dB above a milliwatt, or dBm, is shown 
on the right hand side of each chart. 

These graphs are extremely useful 
when using an oscilloscope for waveform 
analysis, and direct conversion to power 
level is necessary. They are also useful in 
the design and calibration of rf voltmeters 
and wattmeters. 

how to use them 
When laying out these graphs one of 

the prime considerations was to make 
them easy to use. All you have to do is 
enter the graph with the known quantity 
and continue to the appropriate im-
pedance line; read the unknown value on 
the opposite axis of the graph. For 
example, what power level is represented 
by 10 volts peak-to-peak across a 50-ohm 
line? Enter the chart at the 10-volt point 
on the lower axis, project upward to the 
50-ohm impedance scale, then to the left 
to 250 milliwatts. Note that this corre-
sponds to 24 dBm on the right-hand side 
of the chart. 

Although the impedance curves on the 
face of the chart are limited to the most 
common transmission-line impedances, 
the power and voltage curves are not 
restricted to these impedances. The im-
pedance ruler at the top of each graph 
may be used to construct other im-
pedance lines; simply draw a straight line 



IMPEDANCE (OHMS) 

fig. 1. Power, voltage 
and impedance nomo-
graph for power levels 
from 1 milliwatt to 1 
watt. 

VOLTS 
PEAK TV PEAK 

through the appropriate point on the 
impedance ruler, keeping the new im-
pedance line parallel to those already 
plotted. 

The choice of peak-to-peak volts on 
the horizontal scale is based on the use of 
an oscilloscope as the primary measuring 
tool. If you wish, this axis can be 

recalibrated in any convenient terms that 
relate directly to peak-to-peak voltage. 
For example, for peak voltage, divide by 
2; for rms voltage, divide the scale by 2.8. 

I would appreciate hearing from any 
readers who find an unusual application 
for these graphs. 

ham radio 

f ig. 2 . P o w e r , v o l t a g e 

and impedance nomo-
graph for power levels 
from 1 watt to 1 kilo-
watt. 
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techniques 
ed noli, W 3 F Q J 

power fets 

fet characteristics 

There are a number of important 
notations and parameters important to 
the operation of a field-effect transistor 
as a high-frequency power amplifier. 
These are listed in table 1. 

In a field-effect transistor there is an 
essentially constant fixed relationship 
between pinch-off voltage, Vp, saturation 
current, I DSS» ar>d transconductance, gfs. 
As gate bias is increased, drain current 
decreases in a square-law manner. In fact, 
the drain current changes between zero 
gate bias and pinch-off gate voltage in 
accordance with the following ratio:1 

' p / V p - V c s \ 2 

l o s s ^ Vp / 

Power field-effect transistors have now 
been developed and are available. Is it 
possible that power fets can be produced 
that will give bipolars and vacuum tubes a 
run for their money? Per watt cost 
remains high but is dropping. There is 
hope! 

What are some of the advantages for 
power fets in high-frequency power-
amplifier applications? Low input im-
pedance and secondary breakdown prob-
lems, two headaches of bipolar tran-
sistors, are absent; interstage coupling and 
matching are easier. A s an extra bonus 
there is low intermodulation distortion in 
linear rf amplification, less troublesome 
output circuit design and no thermal 
runaway. In addition, power fets are 
capable of high voltage operation so less 
current is required for a given dc input 
and rf output power. 
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fig. 1. Typical field-effect transistor 
operating characteristics. 
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table 1. Field-effect transistor parameters. 

'd dc component of drain current 

Id instantaneous drain current 

»D instantaneous total drain current (dc 
and ac drain current components) 

'dss drain current at zero gate voltage 
(note 1) 

VQO drain supply voltage 

Vds dc drain voltage 

"ds instantaneous drain voltage 

Vgs gate-source voltage 
Vp gate-source pinch-off voltage (note 2} 
VGS instantaneous total gate-source volt-VGS 

age (ac and dc components) 
VpgOr 
Vbias cut-off bias voltage 

Sfs common-source configuration for-
ward transconductance 

c l s s common-source configuration Input 
capacitance 

note 1: I q S S ' s usually measured at a low 
drain-source voltage, Vds< corresponding to the 
beginning of the constant-current saturation 
region of the zero-bias curve, fig. 1. 

note 2: The pinch-off voltage, Vp, is that 
gate-bias voltage, V q q , at which the drain 
current is reduced to practically zero for a 
specified drain voltage, V q s - This drain voltage 
is sometimes the one specified for the measure-
ment of loss-

signal swings no more positive than the 
zero gate voltage. 

class-c operation 
More output and higher efficiency can 

be obtained from the class-C mode. This 
can take advantage of greater drain volt-
age and drain current swings. Higher gate 
bias is used, and the conduction angle is 
approximately 120°. 

However, somewhat more driving 
power is needed in class C. Input loading 
is light, especially when gate-channel con-
duction is avoided by not permitting the 
crest of the input rf wave to swing above 
zero gate bias. 

In the practical planning of an fet rf 
power amplifier there are three equations 
of importance. These determine the re-
quired gate bias, zero-signal drain current 
and load impedance (see table 2). 

input circuit conditions 
The load placed on the preceding stage 

by the input circuit is determined by the 

From this expression you can develop 
the fundamental large-signal equations of 
a power fet. 

class-AB linear operation 
Above the IDSS point on the zero bias 

curve (above pinchoff on alt bias curves) 
the fet has a square-law transfer charac-
teristic. If operation is confined to this 
range, intermodulation distortion com-
ponents of any objectionable magnitude 
are not developed. Harmonic components 
do appear but these are suppressed in the 
output resonant circuit (fig. 2). 

Efficient operation and maximum 
linear output occur when the instantane-
ous peak drain current, io, reaches IpSS 
at the positive crest of the input signal, 
and signal swing occurs over the entire 
range of the square-law region. Minimum 
load is placed on the signal source when 
the positive crest of maximum input 

INPUT 
O 

m 

- t 
OUTPUT 

O 

" vee 'do 

fig. 2. Basic fet tuned amplifier. 

gate resistance, rg and input capacitance, 
Cjss, Gate resistance is similar to the base 
resistance of a bipolar transistor and is 
determined by the resistivity of the semi-
conductor material; it acts in series with 
the common-source input capacitance. 
Since this capacitance is very low, input 
impedance is very high. Input impedance 
decreases with frequency because the 
reactance of Cjss decreases. 

To summarize, most efficient opera-
tion without gate current occurs when 
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table 2. Design equations for fet rf power 
amplifiers. 

Bias for ciass-AB linear V B ( a s = V P / 2 

Bias for class-C V B I AS = V P 

Load resistance 
Class-AB 

Class-C 

Oc drain current 
Class-AB 

* U = 

R L 

V p Q * ( Vp) 
1DSS • 1D 

V p p + (-Vp) 

'DSS 

'D -
'DSS 

Ctass-C I n = 0 

the peak of the rf drive signal reaches an 
instantaneous gate voltage that produces 
a drain current equal to IPSS. T H E 

operation of a class-AB linear ampl i f ier is 
maintained on the square-law port ion of 
the transfer characteristic. T o do so the 
operating bias must be set at a value of 
V p / 2 . Based o n the 9quare-law response 
the static dc drain current for zero signal 
becomes I o s s e -

in class-C operat ion the conduct ion 
angle can be dropped to 120° and may 
swing o f f the square-law port ion of the 
curve. In this case operating bias is set to 
the pinch-off value, V p . Higher ou tpu t is 
obtained and more driving power is 
needed. The zero-signal drain current 
becomes zero because of the pinch-off 
bias; drain current swings between zero 
and t h e I Q S S va lue . 

Specifications for various high-fre-
quency power f ield-effect transistors are 
given in table 3. Practical operating con-
dit ions for class-AB linear and class-C 
amplif iers can be calculated wi th the 
simple formulas shown in table 2 . 

Power fets are presently quite expen-
sive, but useful experience can be ob-
tained in the mi l l iwat t level w i th less 
expensive types such as the Siliconix 
U - 1 8 3 and Motorola HEP-801 and 
HEP-802 . These devices cannot be classi-
f ied as power fets but they permit opera-
t ion up t o 1 0 0 mil l iwatts. 

A practical fixed-bias ampli f ier is 
shown in fig. 3. Note its similarity to 
vacuum-tube circuitry. Input and o u t p u t 
resonant circuits are used. Gate neutrali-
zat ion is o f ten needed because of the high 
input impedance of the stage. Inasmuch 
as the feedback capacitance Crss is rea-
sonably constant, neutral izat ion is usually 
possible w i th a fixed neutralizing capaci-
tor . Typical gain on the 10-meter band is 
2 0 dB in class A B and 2 5 dB in class C. 

self-biasing 

Power f ield-effect transistors can be 
operated as self-biased amplif iers. In this 
case the positive sweep of the drive signal 
is adjusted so tha t the gate-channel junc-
t ion is forward biased at the peak of the 
gate input signal. Electron charges then 
f l o w instantaneously f r o m the channel to 
the gate, and a negative dc bias can be 
developed w i t h a gate-input resistor-
capacitor network in fig. 4. 

Input impedance is lowered w i th this 
system, and more driving power is re-
quired t o overcome the gate circuit losses. 
However , you can dispense wi th an ex-
ternal gate-bias source. A l though inter-
stage coupl ing and matching are some-
what more troublesome than for the 
no-gate-current mode of operat ion, the 
problems are less di f f icul t than those 
encountered in a bipolar ampli f ier of 
comparable power. 

power oscillator 

Power f ield-effect transistors perform 

INPUT 
O— 

m 

fig. 3. Fet amplifier with fixed bias. 
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table 3. Operating parameters of currently available power fets. 

Sillconix Crystalonics 
U183 U 2 2 2 U 2 4 4 U 2 6 6 CP653 CP652 CP651 CP650 

Gate-drain Gate-source 25 50 25 G-D 150 20 20 20 25 
Maximum Voltage G-S 20 
•DSS ( m A > 20 150 600 200 60 100 300 600 
v P •8 -8 -8 -12 -5 -5 -5 -5 
Maximum Drain Current (mA) — 900 500 600 600 600 1200 
Maximum Gate Current (mA) 10 25 _ — — — — — 

Device Dissipation Ambient 25°C (W) 200 800 — — — — — — 

Device Dissipation case 25°C (W) — 3 10 10 8 8 8 8 
g«s S000 30000 150k 30000 6000 10000 10000 15000 
CjSS(pF) 8 20 35 28 20 20 20 20 
crss <PF> 4 4 15 16 — — — — 

Gate-source Breakdown Voltage •25 -50 -25 -20 -20 -20 -20 -25 
Power Output (W) — 0.5 10 10 — — — — 

well as self-biased power oscillators. The 
high gate impedance has a minimum 
loading effect and oscillation starts easily 
in simple circuits. Alt the various crystal 
variations can be used — Pierce, Miller, 
Colpitts and modified Pierce — with a 
tuned output circuit. The simple Miller 
circuit works well. This can be a trouble-
some bipolar circuit at higher oscillator 
power levels. Furthermore, fets take off 
well in the push-pull circuits so popular in 
early vacuum-tube practice. 

A practical push-pull circuit for 
160-meters is shown in fig. 5. Power 
output of better than 1 watt can be 
obtained from this circuit using the com-
ponent values shown. Inasmuch as cw 
operation is usually confined to a rather 
narrow span of frequencies on 160, the 
series variable in the gate circuit permits a 

L1 60 turns no. 26 enameled, dosewound on 
1V«" form, center-tapped. Leave space 
for L2 at center 

L2 IS turns no. 26 enameled, closewound 
between two windings of L I 

fig. S. Push-pull fet crystal os-
cillator for 160 meters. 

fig. 4. Signal biased fet amplifier. 

helpful frequency spread. Low-cost 
U-183s and HEP-801s operate in the 
same circuit. 

wideband amplifier 
Power fets do well as broadband am-

plifiers. The example in fig. 6 uses a 
Crystalonics CP651. Gain is 10 dB from 
500 kHz to 40 MHz. Maximum input 
signal is 3 volts peak-to-peak across 50 
ohms. A voltage gain of 10 dB builds this 
up to 9.5 volts across 50 ohms. Output 
power can be several hundred milliwatts. 
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fet harmonic generator 
The high gate impedance of the field-

effect transistor results in minimum 
crystal loading and an opportunity to 
emphasize harmonic output from a single 
stage. Such a circuit for obtaining good 
harmonic output was presented in Elec-
tronics,2 fig. 7. The circuit reminds me of 
the old-fashioned tri-tet vacuum-tube 
crystal oscillator. 

Fundamental oscillations are deter-
mined primarily by components in the 
gate-source circuit. The source circuit is 
tuned to a frequency somewhat lower 
than the crystal frequency (about 0.7 
fx). The resonant frequency must com-
pensate for the influence of the gate-
source capacitance of the fet. 

The drain circuit must be set to the 
desired harmonic. Oldtimers will recall 
from past vacuum-tube experiments that 
this circuit produced a good odd-har-
monic output and was often used as a 
tripler — and occasionally as a five-times 
crystal generator. Second and forth har-
monic outputs are acceptable too. 

Such a multiplier circuit is attractive 
for QRP operation because a 40-meter 
crystal will provide a strong 15-meter 
output. Forty-meter output can be ob-
tained by tuning the drain circuit to the 7-
MHz frequency and shorting out the 
source tank circuit. This circuit is also 
attractive for multiplying into the 2- and 
6-meter bands. 

vhf double sideband 
Have we overlooked an economical 

means of transmitting sideband on the 
vhf bands? There are few amateurs with-

50-OHM 
INPUT CP69I 

fig. 6. W ideband power amplifier. Re-
sponse is flat f r om 500 k H z to 40 M H z . 

appendix 

The fundamental equation is 

lp ^ V p - V G S 2 <1) 

' D S S v P 

In operation, the instantaneous total drain 
current is 

V G S 2 

' D = ' D S S 1 — r , — ( 2 ) 

V p 

However, by expansion the fundamental com-
ponent for a tuned rf amplifier is 

, - „ V G 5 2 (3) 
' D - 2 1 Q S S 

The practical equations of the fet power ampli-
fier are developed from eq. 3. 

If the instantaneous io is to reach i p s S o n 

crest, (ie., i D ^ D S S * ' 

VGS 
1 = 2 - -

V p 

V GS = V P 
2 

This relation estimates a practical value of 
cutoff bias. For linear operation and a conduc-
tion angle of 180° the gate cutoff bias should 
be Vp/2. This ensures the signal swing can 
occur over the square-law region, and peak gate 
signal voltage reaches only zero gate bias. 

Based on square-law transfer and iQ(peak) = 
'DSS - t h e d c s t a t i c d r a i n current at zero signal 
level is 

' D S S 
' D = ^ 

As the gate voltage swings between Vp/2 and 0, 
a load impedance of proper value produces 
maximum output and highest efficiency. The 
required load is 

V D D + (-Vp) 

In class-C operation, a 120° conduction angle is 
obtained with twice cut-off bias 

vcut-off = (Vp/2) X 2 = Vp 

Bias is now at pinch-off value, and zero-signal 
static drain current is zero ( I q - 0) required 
load resistance becomes 

= V p p + (-Vp) 
L 'DSS - 0 
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out the means of receiving high-frequency 
sideband signals; connect simple con-
verters ahead of these receivers and you 
are blessed with an excellent vhf sideband 
receiver. 

The transmit mode is more of a 
problem, requiring a transverter or a 
multiplier-mixer chain. You must start 
out with a sideband signal, and not 
everyone has this facility, particularly 
those who do all their operating on vhf. 

bands because it occupies no more space 
than an a-m signal. 

The dsb signal can be created right on 
the transmit frequency. Any number of 
techniques can be used, including high-
powered vacuum tubes in a balanced 
push-pull circuit. Modulation can occur at 
low power level directly at the output of 
a crystal or vfo-controlled multiplier. 

As a matter of fact, there will proba-
bly be a gradual displacement of the 

fig. S. Dual-fet balanced 
modulator for double 
s i d e b a n d generation. 
Capacitor C I provides 
the carrier-balance ad-
justment. 

E S S OUTPUT 
o 

The double-sideband technique pro-
vides an easy way of obtaining a sideband 
signal. In this mode of transmission the 
carrier is removed while both sidebands 
are transmitted. An ssb receiver is used 
for reception; either sideband can be 
received with appropriate setting of the 
receiver USB-LSB switch. A double-side-
band signal isn't objectionable on the vhf 

fig. 7. Harmonic crystal oscillator provides 
strong output at 2, 3, 4 and 5 times the crystal 
frequency. A HEP-802 works well in this 
circuit. C I and L i are tuned to the crystal 
frequency; C2 and |_2 are tuned to the output 
harmonic. 

multiplier chains now so common, parti-
cularly on 2 and 6 meters. Stable solid-
state vfos can be designed for operation 
directly on these bands. 

There are any number of low cost 
crystal diodes that operate efficiently up 
to 500 MHz. These can be used in various 
balanced-modulator diode configurations. 
Field-effect transistors and integrated 
circuits are also available for this use. The 
dual-fet, fig. 8 , has good possibility. The 
circuit is so simple and the components 
so few that good performance is almost a 
certainty. If you are a purist, this config-
uration can be connected in a double-
balanced modulator as an ideal way of 
generating a phasing-type single-sideband 
signal. We'll dig into this one, too, a little 
later. 
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those 
were the days 

An invitation 

to share 

some happy memories 

with an oldtime 

radioman 

From time to time ham radio has pre-
sented articles on the early days of 
wireless and the work of some of the 
pioneers who have contributed to the art 
of radio communication. While the space 
devoted to these pieces might well have 
been used for more items on today's 
technical problems and their solutions, 
we at ham radio feel that an occasional 
digression into radio's past helps preserve 
the editorial balance we're trying to 
achieve- in short, a magazine with 
"something for everyone." 

This article is dedicated to the old 
timers — a very substantial portion of the 
ham fraternity. Many are still active, even 
after f i f ty years or more. What's more 
important, many old timers have kept 
abreast of the rapidly changing tech-
nology in electronics and have made 
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significant contributions to the state of 
the art. And that's a healthy sign. 

For interested readers, a bibliography 
is included at the end of K4NW's old-time 
radio story. These are articles we've pub-
lished over the years by another old timer 
who has kept up with the action — Ed 
Marriner, W6BLZ. editor. 

Radio communication from 1920 
through the early Thirties held a peculiar 
fascination for the public, perhaps be-
cause people then were less sophisticated 
than the present generation. The air of 
mystery surrounding early radio seemed 
to motivate even those with no knowl-
edge of electricity into trying their hand 
at constructing a radio set. Some were 
content to replace their primitive sets 
with manufactured models as they be-
came more numerous and as prices be-
came more reasonable. Others, unable to 
resist the urge to experiment, continued 
to learn, to innovate, to improve; and so 
ham radio began to flourish. 

Come with me for a few nostalgic 
moments and we'll look at some of the 
early hardware and ideas that formed the 
basis of today's electronics. 

early equipment 
If you were a teenager around the first 

half of the Twenties, surely you'll re-
member the Reinartz circuit; three-circuit 
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tuners; honeycomb and bank-wound 
coils; Daven resistors; Radiola, Grebe, and 
Paragon receivers; and a host of other 
components and equipment. Remember 
the smell of shellac on homewound coils; 
the sound of chemical rectifiers bubbling 
inside Mason jars; VT1 and VT2 tubes; 
the whine of a correctly adjusted 
synchronous spark gap? — Ah, sweet 
memories! 

Me? I started my radio career with a 
crystal set. The inductor was wound on a 
Quaker Oats box using no. 22 dcc wire. 
Then the insulation was carefully scraped 
off, and taps were soldered onto the wire 
for a switch. I didn't use a variable 
condenser — just switch points. The rest 
of the circuit consisted of a galena-and-
catwhisker detector, a "phone conden-
ser" of tinfoil and waxed paper sand-
wiched together, and earphones. This was 
around 1921 and '22. Soon thereafter 
this deluxe layout was followed by an 
"Arlington Loose Coupler" and a "Fada 
Crystal Detector." 

publications 

Early newspapers featured a "radio 
section" offering the latest do-it-yourself 

The operating corner of W2BKD's shack. 

project — a reflex, neutrodyne, or similar 
receiver circuit (they all worked about 
the same) — together with the latest ver-
sion of the popular "three-circuit tuner." 
All were accompanied by more or less 
authentic advice, depending on who 
happened to be the current "radio 
editor." 

Radio magazines of the day were 
sometimes a wonder to behold. Those 
wishing to build equipment from the 
published circuits followed instructions 
to the letter. If the instructions called for 
double-cotton-covered wire, for example, 
you'd never dream of using single-cotton-
covered wire — it was all that mysterious. 

Many early radio magazines carried 
Q & A columns for aspiring radio con-
structors. Some of the questions and 
answers were interesting. A typical query, 
appearing in a 1923 edition of a popular 
mag, went like this: 

"Q. What is the advantage of connect-
ing the tube-filament rheostat in the 
negative wire of the 'A' battery circuit?" 

The editor, who was somewhat of a 
diplomat and a little unsure of the answer 
himself, replied: 

"A. Better results will be obtained if 
the rheostat is placed in the negative lead 
of the 'A' battery. This is particularly 
true of the UV-201A tube . . . " 

A circuit then followed showing an 
elaborate switching arrangement that al-
lowed the filament rheostat to be trans-
ferred between positive and negative leads 
of the filament supply. (The editor took 
no chances.) 

The same blind faith went for an-
tennas. If the article or book you were 
following said to use no. 14 7-strand 
copper, you wouldn't dare use no. 12 
solid. Arguments were rife on the merits 
of four versus six parallel wires between 
the antenna spreaders. Some swore by 
cage antennas. After all, if your neighbor 
heard PWX (Havana) with a cage, what 
more proof did you need? Before long, 
though, some DX hound who finally at 3 
a. m. snagged KFI in Los Angeles would 
claim that a 150-foot-long wire was 
superior to all spreader-type aerials. Who 
were you to question such a feat? Down 
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with the cage; up with the long wire. And 
so it went. 

broadcast stations 

In the early days, many experimenters 

night and got Chile;" "My wife was in the 
kitchen and I heard China;" "Are you 
Hungary? I'll Russia to the table and 
Fi j i" —to name a few. Yes, those were 
the days! 

vmnsmrnm 
inoucmmx 

fig. 1. A 10-watt cw and phone transmitter popular during the early Twenties. Power was supplied to 
a Colpitts circuit by electrolytic rectifiers. "Very good results" were claimed for this "Hook-Up." 

were interested in receiving the radio 
broadcast stations that began to appear 
all over the world. There was, of course, 
KDKA in Pittsburgh; WOC in Davenport; 
Milton J. Cross in Aeolian Hall at WJZ. 
Then there were CZE, Mexico City; 2LO 
in London with Big Ben (live) tolling 
midnight to the tune of background 
music furnished by a dance band at 
Ciro's. 

The "International Tests," held once a 
year, were highlights for the DX listener. 
American broadcast stations would shut 
down for a time so we could listen for 
European stations; while another night 
the Lat in Americans would come 
through. 

Then there were the corny jokes of the 
DX hounds: " I opened the window last 

spark transmitters 

I was a bit too young to be identified 
closely with spark, except for experi-
menting with a certain portion of Henry 
Ford's ignition system — but I knew 
spark was around. At frequent intervals a 
foreign ship would drop anchor in the 
Hudson and open up with what I under-
stood to be. In ham terminology, an "Old 
Betsy." The operator would tear the air 
apart for a while then move on, to be 
replaced by another vessel with, perhaps, 
an old Federal arc transmitter whose 
sound was pure music compared to the 
spark transmitter. 

the "short" waves 

One day word got around that 
amateur radio operators had "spanned 
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the At lant ic!" I didn't have a ticket then. 
I was still "bootlegging" across town with 
a Ford spark coil and wondering whether 
a hot pink spark was better than a cool 
blue one. But I started winding coils with 

fewer turns, and to this day I've never left 
that wonderful land "below 200 meters." 

When I finally landed a ticket I tried 
to get my ac-powered oscillator some-
where near the 40-meter band. I listened 

fig. 2. French station 8AB's transmitter, heard often in the U . S. during the Trans-Atlantic tests. Rig 
ran 1 kW input, using French 2S0-watters. Two keys were necessary " to allow the hot one to cool 
while the second was in operation." 

Troubleshooting a "tough dog" {c. 1930). for a CQ that first day, and finally there 
it was: NU1AD (NU was shortly replaced 
with W in U. S. amateur call signs). 

I t imidly clicked out NUIAD's call. In 
those days you didn't listen on your 
frequency; you "combed the band" for 
replies. Lo and behold: NU1AD an-
swered! When I told him (C. S. Doe, 
Bellow Falls, Vermont) that he was my 
first contact, he calmly recounted how 
he'd worked across Boston harbor with a 
spark set in 1916 for his first radio 
contact. Nowadays I tell the young 
novices how I worked all the way from 
New York to Vermont in 1928 with 5 
watts. 

transmitters 

The rig responsible for my first con-
tact used a single 210 (UV-210, rated at 
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7-1/2 watts) in a Hartley circuit, fed by 
all the ac I could muster. Today it would 
make a first-rate jammer. The antenna 
was a voltage-fed Hertz, very popular at 
the time along with the Zepp. 

Other equipment included an ancient 

running at around 15 or 20 watts. The 
plate would go from red to yellow if you 
made your dashes too long; but every-
body knew this and didn't get unduly 
alarmed, unless the end of the dash 
slithered off so far you had to retune the 

NEUTRALIZING CAPACITORS 

fig. 3. T h e Neutrodyne receiver, using 3 tuned rf stages. It was a bear to tune, but really brought in 
the O X . Note the neutralizing scheme — capacitor values were determined by cut and try. 

RCA transmitter "appropriated" from a 
tugboat somewhere in NY harbor. This 
rig used four UV-202s and four Keno-
tron rectifiers. For "radiophone" you 
modulated two of the 202s paralleled in 
an oscillator, with the other pair paral-
leled as modulators. Each tube was rated 
at 5 watts. In the "telegraph" mode, all 
four 202s were paralleled for a full 20 
watts out! But I never could work any-
body with that old thing. 

Under the bench was a collection of 
"slop jars," which bubbled and boiled so 
furiously when I pressed the key (despite 
the oil on the troubled waters) that I had 
long before given up trying to rectify the 
110-volt ac line. A raw ac note was 
acceptable in those days, anyway. Plenty 
of rich guys used 852s (75 whole watts!) 
fired with straight ac, so why shouldn't I 
use ac? 

"high" power and DX 
As time went on I coaxed more and 

more out of the old 210 'til I had her 

receiver. Though one time when I was 
playing with an old WE 216A I did put a 
neat little hole in its corrugated plate. 

And I got that voltage-fed Hertz a 
little higher up by using a bow and arrow 
to shoot a thread over a high branch of an 
old locust tree. With the thread I pulled 
up a string, followed by a rope, followed 
by the antenna itself. That helped. 

By 1929 I had actually worked a VK . 
They had changed from OZ (for Oceania, 
Australia) to V K along with our switch to 
W from NU (for North America, U.S.). 
And, by the way, that Aussie was using 
an old 171A in his transmitter! In 1929, 
too, we had "international" ham bands. 
Prior to that you'd often find the for-
eigners in separate bands of their own. 

welcome to the shack 
In front of me are some beaten-up old 

photos of the shack, taken at various times 
during the Twenties. Over there is a helix, 
an 8-inch-diameter coil of flat nickel-
plated ribbon with one edge buried in a 

44 april 1971 



wood base. It came out of that old RCA 
tugboat transmitter. Yonder is the familiar 
old upright telephone mike. The plug-in 
coils of the receiver stand out clearly. 
Down at the end of the bench is an old 
long-wave receiver, an IP-501. 

(Jaffray), NC3AY, 10016, U1QA, and 
many others. 

now, a parting word 

Because I still grow nostaligic at the 
smell of shellac and soldering f lux, most 
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QSL cards typical of the early radio years. 
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Hanging on the wall amidst the ancient 
OSLs is a picture of Graham MacNamee, 
idol of announcer-worshippers, and cer-
tainly a far cry from today's "DJs." Back 
of the 3-circuit regen with the plug-in 
coils is arrayed a host of 45-volt B 
batteries and a 6-volt battery, along wi th 
the familiar old 4y2-volt C battery. 

and, of course, QSL cards 
QSL bureaus were unheard of. Every-

thing was "direct ." A lot of OSLs were 
homebrew like the rigs themselves, espe-
cially during the Depression. But we 
relished 'em. Today the choice ones hang 
in my shack, yellowed wi th age, but pro-
tected by those fancy new cellophane 
holders. 

You can see W1ZZAU (portables got 
calls like that!), old CM1ML, 2AWZ 

of my gear today is still homebrew. But 
I ' l l admit it's mighty hard to equal the 
performance of today's ready-made 
equipment. Guess the best we can do is 
compromise by building a little and 
buying a little. 

Still, it's nice to dream, isn't it — of 
UV-202s; WD11s, the beautiful music of 
an icw signal; KDKA; that first contact; 
that first overseas DX; I could go on for 
hours. 

Those were the days, my friend. 
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television interference 
an 

effective remedy 

TVI can exist 

even with today's 

modern ham gear — 

here's one solution 

to the problem 

I've been an active ham for 36 years. 
During this time I've built many low-
power rigs. I guess I enjoy work ing on a 
transmitter as much as working with it. I 
like all bands, so I'm partial to a long-wire 
antenna. Recently I began using an in-
door wire. This antenna provides ex-
cellent DX reports, but it doesn't dis-
criminate against TVI. 

A few months ago I retired from 
home-brew rigs and purchased a Swan 
350C, a transceiver with many good 
features and a lot of power for the 
money. I soon discovered that when 
operating on 20 meters, my favorite 
band, the Swan caused interference with 

my wife's TV programs, particularly on 
channel 2. (She watches a portable in the 
next room, about 12 feet from the rig 
and antenna.) On the other hand, 15 
meters was perfectly clean on all low TV 
channels, but TVI showed up to a lesser 
degree on channel 9 and higher. 

After discussing the problem with 
fellow amateurs, I realized that something 

CM had to give, and it turned out to be me. I 
w would have to sacrifice some power. 
«- Fortunately this was not difficult to 

accomplish, and the difference in signal 
> reports was insignificant, g 
| the cure 

>, It's quite possible that the modifica-
3 tions I made will apply to equipment 
2 other than Swan. Here's what I did, in the 
® order of effectiveness, to cure the TVI 
|> problem: 

<n 1. Input to the driver stage, a 6GK6, 
5 was reduced, which decreased har-
ts monic output. 
(0 

111 2. Input to the final, which uses a pair 
§ of 6LQ6/6JE6 tubes, was reduced 

- from 360 to 200 watts.* 
/V 
^ 3. Capacitors {1 kV disc type, 0.001 

^ *This is a decrease of about 2.5 dB, which is 
£ barely perceptible under ideal conditions. It's 
® unlikely that the receiving station could tell the 
O difference between 360 and 200 watts under 

• actual band conditions, editor. 
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juF) were placed across filament, high-
voltage, medium voltage, and bias 
terminals - right at the Jones plug. 
(These are leads between the tran-
sceiver and power supply.) Also I 
shortened the unshielded cable be-
tween the rig and power supply, which 
reduced radiation from the cable. 

other changes 
The Swan has three supplies: 850, 

275, and 215 volts. This last voltage is 
obtained through a dropping resistor. The 
Swan schematic shows that the 850 volts 
is the sum of two supplies in series: 275 
and 575 volts. I separated these supplies 
and used them independently. The 575 
volts was applied to the final plates 
(instead of 850 volts); then I added a 
150-volt zener, fed from the 215-volt 

table 1. Voltages for the Swan 350C before and 
after the T V I modifications. 

HSOV 
mo o— 

s» 
tow —vw— *eisv -o 

tow T ISQV 

fig. 1. Zener diode added to the Swan 215-volt 
supply for final and driver screens to reduce 
input power for T V I reduction. 

supply (fig. 1). The 150-volt supply is 
now used for the final and driver screens, 
The "new" and "o l d " voltages are listed 
in table 1. 

commercial data 
Lest these changes seem drastic, I ' l l 

reference an article appearing in Sylvania 
News.1 This article discusses several 
tubes, including the 6JE6. The following 
optimum values are suggested for the 
6JE6: 

plate voltage 
screen voltage 
bias voltage 
plate current 

500 
125 
-85 
222 mA 

These values are recommended in the 
Sylvania article for class-C cw operation. 
For class AB1, the same maximum plate 

new 
old 

driver 
plate screen 
270 150 
270 270 

final 
plate screen 
52$ 150 
850 210 

and screen voltages are recommended, 
plus 

idle plate current 
bias voltage 

40 mA 
44 Vdc 

Note that these are still slightly below 
those for the "new" values given in table 
1. 

results 
When the changes described above 

were incorporated, TVI was greatly re-
duced. I can now monitor a portable TV 
receiver wi th its single collapsible rod 
antenna about two feet from my indoor 
transmitting antenna. On channel 2, 
barely visible lines appear; but previously 
the picture was completely wiped out! 
With the TV set in the next room, no 
lines are visible at all. It's almost impossi-
ble to tell when I'm on the air. The loss in 
transmitter power is less than 2:1, so the 
sacrifice is small. 

further power reduction 
If you wish to reduce transmitter 

power still further, disconnect the input 
capacitor to the filter in the 275-volt 
supply. The voltage will be decreased to 
about 200 volts. Input to the driver will 
be much lower, reducing harmonic out-
put still further; and the dc input to the 
final will be about 125 watts. The lower 
voltage will also be applied to the tubes in 
the receiver section; however, I didn't 
notice much loss in sensitivity. If you 
have a really severe TVI problem, this 
certainly should do the trick. 

reference 
1. W. D. Murphy, "Horizontal Deflection Tubes 
as Power Amplifiers," Sylvania News, Vol. 31, 
No. 4, Winter, 1964. Sylvania Electronic Com-
ponents, Waltham, Massachusetts 02154 ($1.00 
per bound volume). 
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charge flow 
in 

semiconductors 

This will help 

you understand 

the principles 

of transistor theory 

Electron flow in vacuum tubes is not hard 
to understand, but many hams find it 
difficult to shift from tube to transistor 
theory. Indeed, a physicist could spend 
most of his life studying transistor 
theory, only to find that the more he 
knows the more there is to learn. For-
tunately, it's possible to simplify tran-
sistor theory so that almost all of the 
happenings in the transistor can be ex-
plained in simple terms. 

This article is written for the ham who 
wishes to understand the basic inter-
actions that take place in the six-
thousand-plus different types of tran-
sistors on the market today. 
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Whether a material is a conductor or a 
dielectric depends on the quantity of 
electrons that are rigidly bound within 
the material's atomic structure. If the 
material has an excess of loosely held 
electrons, the electrons can be easily 
disturbed by an external influence such as 
an electrical force. The material is then 
said to be a conductor of electricity. If, 
on the other hand, the material has few 
loosely held (free) electrons, the material 
has a high resistivity. The electrons are 
not free to distribute themselves readily, 
and the material is called a dielectric or 
insulator. 

Transistors are made from crystalline 
substances called semiconductors. The 
atomic structure of these substances 
places them about midway in the resisti-
vity scale between conductors and 
dielectrics. Modern transistor theory is 
based on how these crystal substances 
behave when their atomic binding forces 
are disturbed in a controlled manner, as 
by adding impurities. This is the basis of 
the discussion to fol low. 

atomic structure 

According to the Danish physicist, 
Neils Bohr, the atom has a positively 
charged nucleus surrounded by orbiting 
electrons. Each orbit has a distinct 
number of electrons, and each electron 
has a distinct energy level. The electrons 
in the outermost orbit have the highest 
energy level (highest momentum). They 
are also farthest from the binding force of 
the atom's nucleus, hence they can more 
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easily break free from the parent atom. 
The crystal substances used in today's 

transistors and diodes are germanium and 
silicon. The outer orbits of these mate-
rials have four electrons. The balance 
between nucleus and electrons prevents 
the material, in its natural and un-
disturbed state, from acquiring any more 
electrons. Thus in an ideal crystal, where 
the electrons are bound firmly within the 

fig. 1. Atoms bound together by sharing elec-
trons In a pure silicon or germanium crystal. 

structure, no conduction occurs. The 
material is, theoretically, a perfect 
dielectric. A two-dimensional representa-
tion of the structure is shown in fig. 1. 
Here, each atom shares its four electrons 
with its neighbors. 

Free-moving electrons are necessary 
for conduction in any substance. If the 
electrons are held tightly in the structure, 
as in fig. 1, no conduction occurs. How-
ever, if enough energy is available, an 
electron can be freed from the bond. 

Heat is one form of energy that can 
free electrons. At room temperature, 
there is enough energy to free some 
electrons and provide conduction. The 
more heat put into the crystal, the more 
free electrons, and the higher the 
conduction. 

holes 
Every discussion on transistor princi-

ples mentions holes and hole conduction. 
This is perhaps one of the most difficult 

concepts to grasp. Whether you're talking 
about transistors or doughnuts (they're 
both made of matter), a hole is a very real 
thing and can't be ignored. I'll try to 
explain why. 

A crystal of pure germanium or silicon 
is a dielectric. No conduction occurs 
unless an electron breaks free from the 
bond existing between neighboring 
atoms. If energy is applied, however, an 
electron is free to move through the 
structure. Conduction is then said to 
exist. 

Electrons possess a negative charge; 
hence they are called negative-charge 
carriers. When an electron is freed from 
its bond, a hole is said to exist. What is a 
hole? It's either something or nothing, 
depending on your viewpoint. In electron 
physics it's a very real something. 

When an electron is knocked out of its 
orderly path in a substance, the space it 
formerly occupied must be accounted 
for. The space vacated by an electron is 
called a positive-charge carrier. It can be 
shown mathematically that this carrier 

fig. 2. Free hole and free electron created by 
thermal energy breaking the bonds. 

moves from place-to-place within the 
substance. Holes can carry a charge, 
because they cause the structure to be-
come positive without the electron. The 
idea of holes and electrons is shown in 
fig. 2. It's important to understand that 
the hole must exist, because making a 
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hole in nothing would be meaningless. It 
may be difficult to visualize something 
that is really nothing, but the hole does 
do something. 

The electron, unlike the hole, can exist 
by itself and doesn't have to hop from 
one atom to another. It can move more 
independently through the crystal, and it 
happens that the electron moves about 
twice as fast as the hole. 

Fig. 3 demonstrates the idea of con-
duction. We use a piece of silicon with a 
battery connected across it. The battery 
is simply a pump that pumps electrons 
from its positive end out its negative end. 
Half as many holes flow in the opposite 
direction. The holes are pumped out of 
the positive side of the battery and into 
the negative side. Whenever a bond in the 
atom is broken to create an electron, a 
hole is formed, so an equal number of 
holes and electrons exists. However, since 
the electrons move twice as fast as the 
holes, there will be twice as much 

3mA 

B/srrtfrr 
'PUMP' 

ImA 
HOLES 

PURE 
SILICON 
BLOCK 

ZmA 
ELECTRONS 

fig. 3. cnarge flow. Current is the 
sum of the holes and electrons 
and is from positive to negative. 

electron current as hole current. If we 
assume a two-mil I iampere electron flow, 
then there will be a one-milliampere hole 
flow in the opposite direction. 

Which way does the current flow? This 
is an ambiguous question, because current 
actually flows in both directions. If only 
the word current is used, it usually means 
a charge going from positive to negative 
in the circuit. In most textbooks (and in 

this article), current always means the 
total charge flow in the positive-to-
negative direction. If we have two 
milliamperes of electron charge flowing 
from negative to positive, and one 
milliampere of hole charge flowing from 
positive to negative, three milliamperes of 
current will flow from positive to nega-
tive. 

FREE ELECTRONS DEPLETION FREE HOLES 
REGION 

fig. 4. Depletion region in p-n junction. 

doping 
As stated earlier, the semiconductor 

material is not a very good conductor, 
because not many charge carriers are 
freed from the bond between atoms. 
However, it's possible to create charge 
carriers in larger numbers by a process 
called doping. 

Suppose we add some atoms with 
either three or five electrons in their 
outer orbits to the pure germanium or 
silicon. Several elements possess this 
structure. Arsenic and indium are the 
most popular materials for doping. The 
foreign atoms in these materials will mix 
into the crystal and form bonds with its 
pure semiconductor material. However, if 
only three electrons exist in the outer 
orbit of a doping atom, a hole will exist 
in the structure. Just the opposite 
happens with five electrons instead of 
four. In this case there's an extra 
electron. This is how free-charge carriers 
are created. 

If we dope a piece of silicon with 
atoms that have only three electrons in 
their outer orbit, the majority of the 
charge carriers will be positive holes. This 
is called P-type semiconductor material. 
If the doping atoms have five electrons in 
the outer orbit, then we have electrons as 

52 SB aprit 1971 



the majority-charge carriers. This is called 
N-type material. 

the p-n junction 
Suppose a block of N material is 

attached to one of P material. The 
electrons are still free, bouncing around 
with thermal energy in the N-type 
material, and the holes bounce around in 

WIDER DEPLETION 
RANGE 

ELECTRONS 

fig. 5. Reverse bias. The depletion region 
is widened so that no current flows. 

the P-type material. The charge is still 
balanced, and the holes and electrons 
move randomly. Suddenly an electron 
strays across the P-N junction. It is 
instantly captured by a hole and held 
tightly in the bond. An electron has left 
the N side, so the charge balance is upset, 
and the N side is positive by one charge. 
For every charge carrier that wanders 

the negative polarity is on the P side. 
Soon the field builds up to a point where 
the charge of the field overcomes the 
thermal energy. Since there is a large 
negative charge on the P side, electrons 
are repelled from crossing the depletion 
region to the P side. Fig. 4 shows this 
situation. The charged area is called the 
depletion region, because all electrons 
and holes have combined. All the moving 
charges have depleted and are in equilib-
rium. After studying fig. 4, this section 
should be reviewed, because this is an 
important concept. 

the diode 
Now suppose we attach a battery 

across the P-N junction. The positive side 
of the battery is connected to the N-type 
material; the negative side to the P-type 
material. The battery pumps holes into 
the negative side and pumps electrons 
into the positive side. At each end of the 
semiconductor material, charge carriers of 
one kind are pumped out and replaced by 
those of the opposite kind, which re-
combine and become an inert part of the 
structure. This is illustrated in fig. 5. As a 
result, more charge carriers are depleted, 
and the depletion region becomes wider. 
This makes the barrier higher, which 
prevents carriers from crossing by heat 
energy. Since no charge carriers can cross, 

SMALLER DEPLETION 
REGION 

ELECTRONS HOLES 

fig. 6. Forward bias. The 
depletion region is re-
duced, allowing current to 
flow. 

from one side to the other, a line of 
electric flux is formed. Charges continue 
to bounce across the junction, driven 
randomly by heat energy, building up an 
electric field at the junction. The positive 
polarity of the field is on the N side, and 

no current flows. 
Now suppose the battery polarity is 

reversed, as in fig. 6. The battery pumps 
electrons into the N material and pumps 
holes into the P material. This increases 
the charge carrier concentration. More 
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holes are on the P side, and more 
electrons are on the N side. Thus the 
depletion region is smaller. When the 
barrier is small enough, the charge carriers 
will cross. Carefully note that conduction 
is not a result of carriers being attracted 
by the battery. Conduction results from 
the random movement of carriers that 
have increased in quantity. Conduction 
also results because of the lowered 
barrier. 

So now we have a diode. But the real 
magic is yet to come. 

the transistor 
Suppose we add another N-type 

material to the P side of the P-N junction. 
This is then an NPN arrangement, as 
shown in fig. 7. The P part is usually 
made very thin; 0.001 inch or less. Since 
this is a transistor, the N-type material is 
called the emitter, the P-type material is 
the base, and the N-type material is the 
collector. 

Batteries and ammeters have been con-
nected to the transistor (fig. 8). The 
batteries act in the same way as in the 
diode discussion, i. e., pumping holes out 
of the positive side and pumping 
electrons out of the negative terminal. 
The batteries can also be thought of as 
pumping electrons into the positive side 
and pumping holes into the negative side. 
It will be necessary now to call upon 
some circuit theory to explain the current 
flow in fig. 8. 

Kirchoff's law states that the sum of 
the currents in a closed loop must be 
equal to zero. This means that the sum of 
the currents coming out of a branch must 
equal the sum of the currents going in. 

Consider the base-emitter junction. 
Note that this junction is forward biased, 
and the depletion region is lowered. The 
electrons in the emitter can now cross the 
low depletion region as can the holes in 
the base. The electrons move about twice 
as fast as the holes. With this thought in 
mind, suppose that two milliamperes of 
electron current flow from emitter to 
base, and one milliampere of hole charge 
flows from base to emitter. Since 
electrons and holes move in opposite 

directions, they will add in the emitter 
circuit, so that three milliamperes will 
flow in the emitter circuit. The Ie meter 
will read 3 Ma. The electrons flowing 
from emitter to base have tremendous 
velocity, and most cross the base into the 
collector. About one percent fall into 
holes in the base; but for practical pur-
poses, we'll assume they all enter the 
collector. 

The battery is connected so that the 
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fig. 7. The npn transistor. (A) shows the junc-

tion of two materials having an excess of free 

electrons (n type) and an excess of positive 

charge carriers, or holes (p type). The schematic 

symbol is shown in (B). 

collector-base junction is reverse biased. 
Therefore, electrons are pumped out of 
the collector. Before the emitter current 
becomes effective, no current can flow 
because of the reverse bias. But the two 
milliampers flowing into the collector are 
an excess. These electrons are pumped 
out of the collector, causing two milli-
amperes of current to flow. The meter, 
IC, will read 2 Ma. 

To find the base current, Ib, we must 
consider the connection between the 
batteries. Three milliamperes are pumped 
out of the emitter by the emitter battery, 
Be. Since two milliamperes are pumped 
out of the collector battery, Bq, two of 
the three milliamperes from Be must 
flow through Bq. One milliampere has to 
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go somewhere, so it must go into the 
base. Recalling that one milliampere of 
hole charge flows from base to emitter, 
the circuit checks out. 

amplification 
If the emitter-base voltage of fig. 8 is 

varied, thus varying base current, then the 
current from the emitter varies. This 
varies the collector current. A small 
change in base current causes a much 

UM 
xptmoN 

REOOI 

ZmA 

fig. 8. Npn transistor with batteries showing 
current flow. The collector current is larger 
than the base current, causing amplification. 

larger change in collector current. Thus 
we have gain, or amplification. The dc 
current gain of a transistor, called beta 
(P), is the ratio of collector-to-base 
current: 

IB 1 
If one milliampere flows into the base, 
two milliamperes will flow from the 
collector. 

doping levels 
A gain of two is pretty poor by 

today's standards. The problem is due to 
the large base current. If the base current 
could be reduced, while retaining the 
same collector current, the gain could be 
increased. 

One way to reduce base current is to 
reduce the flow of hole charges from base 
to emitter, because this is the only 
significant charge flow from the base. The 

hole charge flow can be reduced by 
reducing the amount of base doping, 
which impedes the number of holes in the 
base. If base doping is reduced by one 
hundred times, the hole current from the 
base will be reduced to 0.01 milliampere. 
If we make this modification to fig. 8, the 
base current will be 0.01 Ma. Since two 
milliamperes flow from the emitter, two 
milliamperes will flow into the collector. 
The dc current gain is then 

IC 2 
— = — = 200 mA 
IB 0.01 

In modern transistors, the emitter is 
doped from 500 to 1000 times more 
heavily than the base. Several factors 
limit the amount of doping. If the base is 
doped too lightly, the device becomes an 
insulator, and no current flows. It's de-
sirable to dope the collector as heavily as 
possible to reduce its series resistance. 
However, this reduces the breakdown 
voltage. If the base is made thinner, gain 
is increased, because there is less chance 
for an electron to cross the base and be 
caught by a hole. If the base is too thin, 
the two depletion regions on either side 
will join when high voltage is applied. 
Then the transistor will short circuit, 
causing destructive current flow. 

conclusion 
! have made omissions and approxi-

mations to keep the discussion simple. 
Many more facts about semiconductors 
are available in hundreds of textbooks. 
The main purpose of this article is to 
present the basic concepts of these 
marvelous devices in an easy-to-under-
stand manner. I hope I've succeded. 
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a 

high-power linear 
for 

80-10 meters 

The Eimac 4CX1500B 

in a circuit 

with novel tuning 

and bias-control features 

The 4CX1500B ceramic tetrode is used in 
many commercial high-frequency trans-
mitters, but this tube seems to have been 
overlooked by amateurs. It has some 
features that should appeal to the "home-
brew" ham, such as: 

1. Lower grid-drive requirement than 
for 1-kW triodes. 

2. No neutralization. 

3. Low intermodulation distortion in 
linear-amplifier service. 
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4. High plate dissipation, which means 
longer tube life and less chance of tube 
destruction when operated in an off-
resonant condition. 

As with other tetrodes in this class, 
certain design criteria and precautions 
must be observed with the 4CX1500B to 
obtain satisfactory operation within pub-
lished ratings. Some of this tube data is 
presented at the end of the article. It is 
recommended that those wishing to build 
the amplifier described here become 
familiar with all the characteristics of the 
tube (reference 2). 

amplifier circuit 
Standard components are used 

throughout. Although vacuum variable 
capacitors are shown in the schematic 
(fig. 1), air-dielectric variables can be 
used, and a multi-turn dial won't be 
necessary (see photo). 

The amplifier employs an untuned 
input circuit and a conventional pi-net-
work output circuit. The rf drive signal is 
terminated in a 50-ohm noninductive 
resistor through which grid bias is sup-
plied to the tube. To improve the input-
impedance match at the three higher-
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frequency amateur bands, three untuned 
grid coils are used to approximately 
cancel the input capacitive reactance at 
the grid. Although the input circuit is 
untuned, only 40 watts peak power is 
required to drive the amplifier in the 
frequency range 3.5-29.6 MHz. {The grid 
coils and switch aren't shown in the 
photo of the input compartment, since 
they were installed after the photo was 
taken.) 

A Barker-Williamson coil assembly is 
used in the output circuit, with the 
10-meter coil rearranged to shorten leads 
to the tube plate. 

metering 
Only two meters are used: a zero-

center tuning meter and a plate milliam-
meter. Screen current is negative and does 
not require monitoring. 

The zero-center meter permits quick 
adjustment for optimum drive and load-
ing over any part of the band. It operates 
in the following manner: 

The rf input and output circuits are 
sampled by capacitive dividers, then 
rectified and filtered. The dc outputs are 
connected to each side of a potentio-
meter, while the arm connects to ground 
through the zero-center meter. The 
diodes in this circuit are connected to 
provide a negative voltage from the input 
and a positive voltage from the output. 
The rf drive voltage then causes the meter 
to read to the left of zero, while the 
voltage from the output circuit opposes 
this action. 

The 5-pF capacitor in the output 
sampling circuit is an adjustable wire 
probe coupled to the tank coil. The dc 
voltage at the 10-k zero-adjust pot can be 
adjusted by varying the position of this 
probe. 

The voltage at the midpoint of the 
capacitive divider on the input circuit is 
about 3 volts peak (20:1 divider and -60V 
bias). The voltage at the midpoint of the 
output capacitive divider should be about 
the same. 

In preliminary tuning, the usual pro-
cedure is followed using a two-tone signal 
and oscilloscope. Adjustments are made 

on drive and loading until the scope 
indicates minimum waveform distortion 
at the 2-kW PEP level. At this point the 
potentiometer is adjusted for a zero 
reading. Thereafter, when changing fre-
quency, it's only necessary to resonate 
the plate circuit and adjust the drive and 
loading capacitor for a zero meter reading 
again. 

power supply 
The power supply is conventional and 

uses silicon diodes in series in each leg of 
a bridge rectifier to deliver 2900-3200 
Vdc, depending on line voltage. One-half 
of the secondary voltage at the trans-
former center tap is dropped by a resistor 
and connects to two series VR125 tubes, 
then to ground. This supply provides 
regulated 250 volts dc for the screen. 

A single-section LC filter is used in the 
plate supply, and an electrolytic capacitor 
provides additional screen-voltage fil-
tering. 

A bias supply, using a small 115-volt 

Tank circuit of the amplifier. The 
B&W 10-meter coil has been re-
arranged to provide short rf leads to 
the tube plate. 
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isolation transformer with a silicon bridge 
rectifier and RC filter, uses two parallel-
connected potentiometers as voltage 
dividers. These pots supply bias voltages 
for "standby" and "operate" modes. 

The auxiliary relay changes bias during 
standby periods to provide near cutoff 
plate current (50 mA). 

With such light loading of the plate 
supply during standby, the plate voltage 

Underchassis view. Grid circuit coils and line fuse were added after the photo was taken. Note 
arrangement of filament transformer leads and feedthrough capacitors for input voltages. 

bias control 
For good linearity, a plate resting 

current of 250 mA is required. During 
standby and talk periods this amounts to 
800 watts plate dissipation, which runs 
up the power bill as well as the tempera-
ture of the shack. To remedy this situa-
tion, an auxiliary relay is connected to 
operate with the antenna transfer relay. 

can soar to about 4000 volts, which 
imposes a strain on the filter capacitors. 
This problem was resolved by tuning the 
filter choke with a capacitor to approxi-
mately the supply ripple frequency of 
120 Hz. With this circuit, a variation of 
only 200 volts exists between 50 mA and 
250 mA loading. During "operate" mode, 
plate current varies between 250 and 350 
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mA. Overcurrent protection is provided 
by a relay in the negative side of the plate 
supply. A rheostat across the relay coil is 
used to adjust trip current. Circuit 
breakers are provided for the bias supply. 

1/2-inch angles that form the box en-
closure. The top cover of the amplifier is 
perforated aluminum to permit venting of 
bfower air. The rear panel contains the 
6-terminal board, coax connectors, and a 

fig. 1. Schematic of the high-power 5-band amplifier. Grid coils are self-supporting, Vz-inch dia., 

wound with no. 16 tinned copper wire. Ten meters, 5 turns I'A-in. long; 15 meters, 7 turns 7/8-in. 

long; 20 meters, 13 turns 1-in. long. 

filament transformer, and blower. 

construction 

Amplifier layout is designed for short 
rf leads. No neutralization or parasitic 
suppression is required. Aluminum plates 
are used, which are screw-fastened to 

panel fuse for the filament transformer. 
To minimize TVI, alf electrical connec-
tions to the cabinet are made through 
feedthrough capacitors. 

A tube chimney is used with the 
4CX1500B socket to confine and direct 
blower air through the plate cooing fins. 
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CLEGG is 2 meters! 
and 

COMMUNICATIONS WORLD, INC. 
has Clegg equipment 

22'er MK II AM, AC only $359.95 
22'er MK II FM, AC-DC $369.95 
22'er MK II Model 25 FM $384.95 
COMET, SSB and CW $399.95 

WHO HAS T H E M ? 

Communications World, Inc. 
4788 State Road 

Cleveland, Ohio 44109 
(216) 398-6363 

"The Midwest's newest communications center." 
All prepaid orders shipped free anywhere in the 
continental U.S.A. 

Digital 
Frequency Meter 

Mtaro.Jt l?' In i-ff I 

• Monitors your "transmitted" signal 
• Measures kHz and MHz 
• Operates with any exciter-transmitter 

(1 to 600 watts — up to 35 MHz) 
• Large-bright "Nixie" display 
• Now • 100 Hz (.1 kHz) Readout 

through 35 MHz 
FM-6 Kit $119.50 

(170 MHz Prescaler - $45.00 extra) 

Micr*o-Z Co. 
Box 2426 Rolling Hills, Calif. 90274 

tube characteristics 
The maximum temperature rating for 

the 4CX1500B anode is 250° C. As an 
added precaution, it might be worthwhile 
to consider some sort of monitoring 
device for the tube. An article describing 
temperature sensors for high-power am-
plifiers, using sers and thermistors, 
appears in an earlier issue of ham radio.1 

These circuits are extremely simple to 
build and are a good investment for the 
amateur interested in protecting his 
vacuum tubes. 

heater voltage 
Published ratings for the 4CX1500B 

heater is 6.0 volts. This means that heater 
voltage must be maintained within ±5 per 
cent as measured at the tube socket 
terminals. The heater voltage must be 
applied for at least 3 minutes before 
other operating voltages are applied. 

screen grid 
It is not uncommon for tetrodes to 

exhibit negative screen current. This is a 
prominent character is t ic of the 
4CX1500B and is normal for the circuit 
described here. However, the maximum 
rated power dissipation for the 
4CX1500B screen is 12 watts, which 
should not be exceeded. Peak screen 
voltage times indicated dc screen current 
equals the approximate screen input 
power, except when screen current is near 
zero or negative.2 

control grid 
The control-grid dissipation rating of 

the 4CX1500B is 1 watt. Design features 
of this tube provide low intermodulation 
distortion, even when the grid is driven 
into the positive region. The tube can 
therefore be operated in Class AB2, 
which is recommended in the manu-
facturer's literature.2 

references 
1.John J. Schultz, W2EEY, 'Temperature 
Alarms for High-Power Amplifiers," ham radio, 
July, 1970, p. 4R 
2. Data sheet, "4CX1500B Radial Beam Power 
Tetrode," Eimac Division of Varian, San Carlos, 
California. ham radio 
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some 
observations 

regarding 

transmitter 
power levels 

The difference between 

100 watts and 1000 

is not as great 

as you might think — 

on-the-air communications 

suffer little 

from lower power levels 

The purpose of this article is to explain 
the ability of a 10-watt transmitter to 
span a continent with almost the same 
ease as a 100-watt rig. Experience has 
shown this to be true, and investigations 
have indicated that such phenomena 
should not be regarded as unusual. 

In all of this discussion it is assumed 
that when transmitter power is changed, 
all else remains the same (frequency, 
antenna, vswr, receiver sensitivity, etc.). 
Also, power levels referred to can be 
input power or radiated power so long as 
it is the same in all cases; relative change 
and its observed effect are the main 
considerations. Transmitter efficiency 
and antenna gain and efficiency are as-
sumed fixed. 
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on-the-air observations 
Two years of operating experience 

with 50-watts cw seemed to indicate that 
I got out about as well as the fellows 
using 75- or 100-watt rigs. Although there 
was 50 watts difference between my rig 
and the 100 watters, this only amounted 
to 3 dB which seemed small in relation to 
a typical 140-dB path loss. The personal 
opinion grew that atmospheric conditions 
had a lot more to do with "getting out" 
than a few dB of transmitter power. 

To gain more insight, I designed and 
built a small 12-watt, 40-meter cw trans-
mitter which would deliver 8 watts out-
put into a 50-ohm resistive load. I have 
used it for about six months on the air 
with the same antenna as was used for the 
50-watt rig. This antenna is nothing 
special; just a 40-meter dipole about 15 
feet above the ground, fed with RG-58/U. 
No balun is used. 

It is difficult, if not impossible, to tell 
from the calls, QTHs, and signal reports 
in my log when I changed from 50 to 12 
watts. I seem to get out nearly as well 
with only 12 watts. Since 12 watts is 
about 6.2 dB below 50 watts, I should 
average one S-unit lower in signal strength 
reports, but even this is not evident. I 
have received 559 to 599 reports from 
coast-to-coast, from Canada to Mexico 
City on 40-meters cw with both rigs. 
Furthermore, I have not noticed any 
greater difficulty in making contacts with 
the 12-watt rig. 

laboratory observations 
Still, I had no feeling for how a signal 

change of 3 dB, 10 dB or 20 dB sounded. 
To find out, I assembled the equipment 
shown in fig. 1. 

The 1-kHz audio oscillator had a sine 
wave output, and its level control allowed 
the output to be adjusted from zero to 
approximately 10 volts rms. A key was 
used to simulate actual code reception, 
rather than a steady tone. The step 
attenuator was a commercial type which 
could be adjusted from 0 to 120 dB in 
one-dB steps. To achieve a close match 
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for the output impedance of the attenu-
ator, an 820-ohm resistor was connected 
in parallel with the 2000-ohm phones. 

To begin the experiment, the attenu-
ator was set for zero-dB attenuation and 
the oscillator level control was adjusted 
for a comfortable volume level in the 
phones, such as would be used for code 
practice. Then, 3-dB attenuation (half 
power) was switched in on the attenu-
ator; this caused a slight decrease in 
volume, but it would be extremely diffi-
cult to distinguish between the two levels 
without being able to switch between the 

I believe the above observations show 
that the novice limit of 75 watts is far in 
excess of the number of watts required 
for casual cw work, and that there is no 
need to feel ashamed of your 100-watt rig 
if a 10 watter gets as good a report as you 
do; 10-dB difference in power may repre-
sent a lot of watts and dollars, but it 
doesn't impress the ear that much. 

To put all of the above in its proper 
perspective, the following should be men-
tioned. It's not the easiest thing in the 
world to describe in words how loud a 
sound is; I have tried to describe the 

fig. 1. Bench test 
circuit for deter-
mining the effect of 
d i f f e r e n t p o w e r 
levels. 

f»«I 
OSCILLATOR 

iLfyfLi 

(O) 

two. In other words, if you listened to 
one level on one pair of phones, then 
took those phones off and put on another 
pair of phones to listen to the other level, 
they would sound almost the same. 

Next, the change in volume corre-
sponding to 10-dB attenuation (one tenth 
power) was observed. The signal was 
noticeably weaker, but not so weak that 
you would take the trouble to increase 
gain if you were practicing code. It was 
still a good signal, just a little below 
optimum. This observation explains, to 
me at least, why a 10-watt transmitter 
will sound fairly good to a receiving 
station if a 100-watt transmitter sounded 
very good, all else being equal. 

Attenuation of 20 dB (reduction of 
power by a factor of 100) made the signal 
pretty weak, but it was still easily read-
able; 30-dB reduction was extremely 
weak and difficult to read, and 40 dB was 
barely perceptable. When the signal was 
increased to 10 dB above the original 
zero dB, or comfortable level, the volume 
was uncomfortably loud and almost pain-
ful. 

laboratory observations as I heard them, 
but the dynamic range of my ears may be 
average, above average or below average. 
Much depends on the "comfortable" level 
you start with at zero dB. The laboratory 
observations simulated ideal conditions; 
there was no receiver noise, no inter-
ference and no fading. 

I have no argument with the man who 
says the more power you have, the better 
chance you have to get through. He is 
absolutely right. My point is that you can 
do more with just a few watts than 
perhaps many hams realize. 

It is interesting to express the ratio of 
Novice power limit to General power 
limit in dB: 11.25 dB. Another point to 
remember is that receivers with cw age 
tend to make the 10- and 100-watt rigs 
sound the same, the difference appearing 
on the S-meter. Finally, the laboratory 
observations should give an indication of 
what to expect from filters; at least 30 dB 
of attenuation should be provided for 
unwanted frequencies which have a signal 
strength equal to the desired signal. 

ham radio 
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comments 

motorola fets 
Dear HR: 

I enjoyed reading the September issue 
of HR — especially the piece on the fm 
receiver. Great! 

I noticed that the authors referred to 
an MPF 105 and MPF107 as being better 
than an MPF 102 in the front end of the 
unit. Tain't so! The MPF105 is rated to a 
much lower frequency than 2 meters. The 
MPF 107, however, is good to 3/4 meters. 
Perhaps he meant to say MPF 106 and 
MPF 107 there. At any rate, the MPF 
designation has been obsolete on all but 
the MPF 102 series for almost a year now. 
This could give your readers a bit of a 
problem. Here are the new Motorola 
numbers for the devices: 

MPF 102 . . . no change 
MPF 103 . . . 2N5457 
MPF 104 . . . 2N5458 
MPF 105 . . . 2N5459 
MPF 106 and 7 now split into three 
types: 2N5484 through 2N5486 

Also, there is a new series of MPF 102 
devices - 2N5668, 69, and 70. These are 
simply more tightly controlled MPF 102s. 

Doug DeMaw, W1CER 
ARRL Technical Editor 

injection lasers 
Dear HR: 

The excellent article on injection laser 
experiments by Ralph W. Campbell 
(November, page 28) was of particular 
interest to me. I am convinced that lasers 
have a definite role in amateur com-
munications, and it is encouraging to see 
experimenters such as Mr. Campbell 
pioneering the way. 

Regarding communications with 
modulated light emitting diodes, I would 
like to point out that Henry E. Roberts 
and I have covered the subject in some 
detail in a pair of articles in the Novem-
ber issue of Popular Electronics. One 
article is a tutorial, and the other is a 
construction project for a 1,000-foot 
range LED voice communicator, The 
latter is being marketed in kit form by 
MITS, Inc. Price of transmitter and re-
ceiver, both of which are quite compact 
and battery powered, is $32.00 postpaid. 
For more information, write the com-
pany at 4809 Palo Duro, NE, Albuquer-
que, New Mexico 87110. 

While the light emitting diode is actu-
ally superior for many voice communica-
tions experiments at the present time, the 
laser does have some special benefits, 
particularly peak power. For those exper-
imenters desiring to work with semicon-
ductor lasers, I would discourage the 
purchase of the RCA TA-2628. The 
TA-7606 uses a new technology and is far 
superior. For example, the latter laser has 
a threshold for lasing of about 4 
amps — considerably less than the 
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TA-2628. Also, lifetime will be longer 
with the newer laser. There are numerous 
other considerations and the experi-
menter will be wise to consult some of 
RCA ' s excellent data pamphlets, such as 
"GaAs Lasers and Emitters" OPT-IOO, 
before actually selecting a laser. A s these 
devices can be "zapped" quite easily, 
particular care to circuitry requirements 
should always be observed. 

Forrest M. Mims 
Albuquerque, New Mexico 

fm receiver 
frequency control 

Dear HR: 
Several weeks ago I acquired a surplus 

Motorola base station. The receiver was 
easily aligned to 146.94 MHz, the na-
tional calling frequency. Sensitivity was 
better than 0.1 easy microvolt to crack 
the squelch, and 0.3 for 20-dB quieting. 
(The signal generater was an HP-608F.) 

The set uses a 12.455-MHz second 
oscillator and a 455-kHz Permakay filter. 
This filter (TU-540S) is narrow — about 
10 kHZ. Even after tuning the first 
oscillator for nominal input-frequency, 
more than half the signals, sufficient to 
open the squelch, are unintelligible, This 
is for three reasons: Low levels, as shown 
by monitoring an i-f grid-return; Signal 
deviation too wide for filter in use; And 
signal frequency off center of response. A 
considerable proportion of unintelligible 
receptions was due to the last, which is 
the subject of this note. The problem is 
well known on the 470-MHz commercial 
band, and is handled in part by afc to the 
first crystal oscillator. In the 160-MHz 
band the practice seems to depend on 
oven-mounted first-oscillator crystals, and 
frequent touchup of fleet frequencies by 
a service shop. 

Compared to afc, receiver standby 
with "un-rubbered" quartz has some ad-
vantages. The center response can be 
precisely set with a counter, and tends to 
stay put. Application of afc to crystals is 
not so easy at 160 as at 470 MHz. In any 

case, it degrades stability. 
Because of spectrum congestion, 

trends are to split channel allocations. In 
two-way fm, 60 to 30 to 15 kHz. In 
two-way aeronautical service, a-m, 100 to 
50, and likely, 25 kHz. How to deal with 
narrow-band stability problems seems to 
be of both commercial and amateur 
interest. 

Why not use the crystals for standby, 
and automatically transferring to afc 
when receiving a carrier sufficient to open 
the squelch? In fm receivers the necessary 
discriminator and amplified squelch al-
ready exist. For a-m receivers these 
elements have to be added. To be added 
in either case are switching circuitry 
controlled by carrier/noise-operated volt-
age, and a vco. To impose lesser demands 
on inherent vco stability, the second 
oscillator looks like the place to enter. As 
mentioned, this is at 12-MHz in atypical 
case. Transfer time-constants must meet 
various criteria, one being that reception 
must be continuous to keep the squelch 
open. Ideally, the vco would start, no-
break, from synchronism with the crystal, 
and proceed within a few multiseconds to 
discriminator zero. 

Has this been done already? Where can 
I get details? 

Paul D. Rockwell, W3AFM 
Chevy Chase, Maryland 20015 

digital counter 

Dear HR: 
I wish to thank you for a very fine 

magazine, in particular the articles by 
Bert Kelley, K4EEU. I built the digital 
frequency counter described in the De-
cember, 1968 issue, and used it in the 
September, 1969 and February, 1970 
A R R L Frequency Measuring Tests. It 
enabled me to be among the top group 
who had accuracies better than 0.4 parts 
per million on both tests. In fact, my 
readings coincided exactly with the 
umpire on the February, 1970 run. 

Joseph Czerniak, W8NWU 
Muskegon, Michigan 
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Standard Communications Corpora-
tion, the largest manufacturer of vhf 
marine equipment in the world, has de-
veloped a professional quality vhf-fm 
transceiver specifically for amateur use. 
Standard has applied the latest solid-state 
technology to build a unit that is rugged 
and compact, and makes mobile installa-
tion practical in nearly any vehicle or 
aircraft. In addition, it's fully portable 
with the addition of a battery pack. 

The Standard model SR-C826M fea-
tures 12 crystal-controlled channel capa-
bility (4 channels factory installed), 10 
watts rf output power, low power con-
sumption, mosfet rf amplifiers and mixer, 
noise-operated squelch, high-low power 
switch, illuminated dial, self-contained 
speaker, and metering of battery voltage, 
relative received signal strength and 
power output. Current consumption of 

the two-meter transceiver is 150 mA on 
standby and 2.4 amp on transmit. Supply 
voltage is 11 to 16 Vdc, 13.8 Vdc 
nominal. Frequency stability is 0.001% 
f rom-10 to+60 °C. 

Transmitter power output is 0.8 or 10 
watts, depending on setting of hi/lo 
power switch. Output impedance is 50 
ohms nominal. Frequency deviation, in-
ternally adjustable to ±10 kHZ minimum 
is factory set to ±7 kHz. Spurious and 
harmonic responses are attenuated 50 dB 
below carrier power level. Audio roll off 
above 3 kHz at 16 dB per octave. 

Receiver sensitivity is 0.4 iA/ or less 
for 20-dB quieting. Squelch threshold is 
0.2 j iV or less; maximum (tight) squelch 
between 20=dB quieting sensitivity and 20 
dB quieting plus 10=dB. Deviation ac-
ceptance up to ±15 kHz. Spurious and 
image attenuation 65=dB below the de-
sired signal. Adjacent channel selectivity 
(30-kHz channels) is 60 dB attenuation of 
adjacent channel. Audio output, 5 watts 
minimum (with external speaker); audio 
distortion, 10% maximum at 3 watts 
output. Priced at $399.95 complete with 
microphone, built-in speaker and external 
2.5 amp alternator whine filter. For more 
information, write to Standard Com-
munications Corporation, 639 Marine 
Avenue, Wilmington, California 90744, or 
use check-off on page 94. 

ferrite cores 
Indiana General CF102-Q3 toroid 

cores are now available from HAL 
Devices for $1.25 each. (This core was 
used in the rf bridge featured in the 
December, 1970 issue of ham radio.) 
Other ferrite toroids available from HAL 
are the Indiana General CF102-06, 
CF102-Q1 and CF101-Q2; these cores are 
$.50 each. In addition to ferrite cores, 
HAL Devices carries an interesting line of 
hard-to-get products for the experi-
menter, including integrated circuits, 
hot-carr ier diodes, integrated-circuit 
sockets and Mainline RTTY equipment 
kits. For more information, use check-off 
on page 94, or write to HAL Devices, Box 
365H, Urbana, Illinois 61801. 
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deluxe permeflex key 

i 

James Research has announced a new 
wider and heavier version of the Permeflex 
key. The completely enclosed mechanism 
has independent fiberglass paddles which 
flex to make contact and have adjustable 
gap and tension. Additional feet allow the 
key to be used on its side as a straight 
hand key. The 8-ampere gold-diffused 
contacts may be used to key a transmitter 
directly, or to key the low-level input of 
an integrated-circuit keyer. 

Included with the new deluxe key is 
an internal bracket and blank printed-
circuit board to permit construction of a 
built-in electronic keyer or monitor. The 
pre-punched 1/4" holes on the front 
panel wil l accommodate submrniature 
switches and potentiometers. The key is 
guaranteed for 1 year. $24.95 postpaid in 
the U. S. A. For more information, write 
to James Research Company, Department 
HQ-K, 20 Willits Road, Glen Cove, New 
York 11542, or use check-off on page 94. 

alpha-seventy linear 
amplifier 

The Alpha Seventy is a new generation 
high-power linear amplifier that incor-
porates many major state-of-the-art ad-
vances in design. It easily handles the 
maximum legal amateur power in any 
mode without any "on-time" limitations, 
yet is completely self-contained in a 
desk-top cabinet. Among the many fea-
tures of this unique new design is quiet 
operation through the use of vapor-phase 

\ 

NEW 
TRI-EX'S 

M W 
SERIES 

Pound for pound the 
strongest self-supporting 
steel towers available. 

The new economy MW 
Series towers are designed 
to support up to 91/2 sq. ft. 
of antenna area. Featuring 
Tri-Ex's extra strong tor-
sional twist resistant "W" 
bracing, the all steel MW 
crank-up towers come in 
three sizes, each fully gal-
vanized for carefree main-
tenance. Models available, 
by height, are: MW-35', MW-
50', and MW-65'. Nested 
height is between 21' and 
22'. Hinged base and wall 
bracket Included with MW 
tower order! See your local 
dealer or write for free cata-
log today. Prices start as 
low as: 

$157.35 

x TOWER CORPORATION 
RiSMUSSEN AVE.. VISALIA, CALIF. 93277 
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Special 
IN THIS ISSUE 

A New Magazine? 
Not really. New in the U.S.A. perhaps, 

but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu-
sively construction material. Clearly writ-
ten, concise articles give you full details 
on: 

• Audio Construction Projects 
• Receiver Construction Projects 
• Transmitter Construction Projects 
• Test Equipment Projects 
• Radio Control Projects 

. . . and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION — $6.00 

Write 
RADIO CONSTRUCTOR 
Greenville, N. H. 03048 

Name 

Address 

City State 

cooling (no high-velocity fans) and quiet 
vacuum-sealed transmit-receive relays. 

The Alpha Seventy features cool 
operation because the vapor-cooled 
Eimac 3CV1500A7 tube reaches only 
100° C under full load, not 200° C like 
most air-cooled tubes. Heat is flushed out 
the rear of the cabinet, away from the 
operator and other equipment. 

Other features of the Alpha Seventy 
include a built-in mosfet electronic T/R 
switch that is preselected on receive by 
the extremely high unloaded Q of the 
plate tank circuit, cutoff bias that is 
electronically controlled to prevent plate 
current flow in the absence of rf drive, dc 
coupled ale output that simplifies tuneup 
and provision for later installation of an 
accessory (to be announced) to provide 
remote-control or automatic band 
change, tuning and loading. 

The Alpha Seventy covers all amateur 
bands from 80 through 10 meters; a range 
extension kit for 160 meters is to be 
announced. Drive requirements are 100 
watts PEP nominal for 2.5 kW PEP plate 
input; 50 watts nominal for 1 kW carrier 
input. Third-order products are more 
than 30 dB below each of two equal test 
tones at 2.5 kW PEP input. 

Priced at $1595. For more informa-
tion, write to Ehrhorn Technological 
Operations, Inc., Post Office Box 1297, 
Highway 50 East, Brooksville, Florida 
33512 or use check-off on page 94. 

160-meter antenna 
tuner 

The Top Band Systems model 48MV 
160-meter antenna tuner is designed to 
resonate practically any 40- or 80-meter 
dipole or inverted vee on 160 meters. The 
unit covers the entire 160-meter band, 
and can be used with coaxial cable or 
open-wire feedline. The tuner will handle 
140 watts cw or a-m, or 250 watts PEP 
ssb. The 48MV Matchverter can also be 
used to resonate long-wire antennas. 
$39.95 from Top-Band Systems, 5349 
Abbeyfield Street, Long Beach, California 
90815, or use check-off on page 94. 
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semiconductor cross-
reference catalog 

Motorola's HEP sales department has 
announced a new cross-reference and 
replacement guide, HEP HMA-07, avail-
able free through HEP distributors na-
tionwide. This guide cross references 
more than 25,000 devices to HEP replace-
ments including 1N, 2N, 3N, JEDEC, 
Japanese, Dutch and other foreign num-
bers in addition to thousands of manu-
facturers' regular and special "house" 
numbers. There is special emphasis on 
replacement coverage of the device num-
bers found in consumer products equip-
ment, particularly Japanese merchandise, 
and several thousand industrial MRO 
market device types. 

This new semiconductor cross-refer-
ence guide and catalog includes Moto-
rola's full-line product catalog, which 
gives the min/max ratings and electrical 
characteristics for 285 HEP devices, as 
well as cross-reference information. The 
Motorola HEP devices are listed by type 
number with a packaging index, device 
dimension drawings and selection guide 
information. 

HEP is Motorola's sales program for 
making semiconductor devices readily 
available to the experimenter through a 
nat ionwide network of authorized 
suppliers. 

surge voltage 
protectors 

Two new miniature gas-filled surge-
voltage protectors to safeguard inputs of 
electronic instruments as well as semi-
conductors and other components against 

CIRCUIT 
BOARDS 
in 10 
Minutes • 

with 
just a pair 
of scissors 

try C i r - k i f c 
Pressure Sensitive Copper Foil 

Tape and Sheet 

• No Chemicals — No Mess 
. No Layout Restrictions 
• Full Instructions 
• Simple Circuit Changes 
• Flexible — Conforms to any surface shape 
. Use for Crossovers — Either insulate with 

Teflon or Mylar or use other side of board. 
A revolutionary new material for the construc-
tion of experimental and prototype "printed" 
circuit boards. 
Cir-Kit is high purity .002" copper protected by 
lacquer and coated with an exclusive heat re-
sistant pressure sensitive self adhesive. Just 
remove backing paper and place in selected 
position. Press down firmly. If modifications 
are necessary just rip it up and start over. 
Cir-Kit can be used for modifying existing 
boards or building up new ones. The perfect 
answer for small quantity applications or one of 
a kind amateur projects. 

5 feet 1/16" or 1 /8" wide $.60 
100 feet 1/16" or 1 /8" wide $9.95 

Sheets 6" x 12" — $2.50 each 
or 5 for $9.95 

Order Now 

Cir-kib 
Box 592 

AMHERST, N. H. 03031 
Dealer Inquiries 

Invited 
The World's Most 

Versatile Circuit Building System 

? 
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A T 
A SPEECH COMPREKORim 

REALLY WORKS! 

RPC-3M MODULE 
(ONLY $22.50) 

• LOW DISTORTION 
CIRCUIT 

• FULLY WIRED & 
TESTED NOT A KIT 

• WORKS WITH 
PHONE PATCH 

• INTERNAL UNITS 
& MODULES WORK 
MOBILE 

• FULL WARRANTY 
—ONE YEAR 

• INTRODUCTORY 
LOW PRICES 
(Illinois residents add 
5% Sates Tax) 

Write for specifications 
and information sheets 

(free) 
Demonstration Tape (cas-
sette) available ($2.00 de-
posit ) 

RPC-3C CABINET MODEL 
($34.95) 

RPC-3.3U INTERNAL UNIT 
($24.95) 

Electronics 
BOX 1201H 
CHAMPAIGN, ILL. 
61820 

THE BEST 

2 METER 
C O N V E R T E R 

Model 407 
$42.95 

ppd. 

144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 

available for $5.95 each 
A full description of this fantastic converter would 
fill this page, but you can take our word for it 
(or those of thousands of satisfied users) that it's 
the best. The reason is simple — we use three 
RCA dual gate MOSFETs, one bipolar, and 3 
diodes in the best circuit ever. Still not con-
vinced? Then send for our free catalog and Ret 
the full description, plus photos and even the 
schematic. 
Can't wait? Then send us a postal money order 
for $42.95 and we'll rush the 407 out to you. 
NOTE: The Model 407 is also available in any 
frequency combination up to 450 MHz (some at 
higher prices) as listed in our catalog. New York 
City and State residents add local sales tax. 

VANGUARD LABS 
Dept. R, 196-23 Jamaica Ave., Hollis, N.Y. 11423 

lightning, power surges, and other tran-
sients, have been developed by Siemens. 

The new units, type B2-H10 and 
B2-H25, have two features of particular 
advantage to electronic component users 
and designers: they are only 0.28- and 
0.44-inch long, respectively, and provide 
protection for equipment with peak oper-
ating voltages up to 850 and 2000 volts, 
respectively. 

Ultrafast in response, the SVP type 
B2-H10 has a dc striking voltage of 1000 
volts (±15%); for the SVP type B2-H25, 
the dc striking voltage is 2.5kv. Insulation 
resistance is greater than 10,000 meg-
ohms, 5000 amps rated discharge capa-
bility for a 0.3-microsecond wave, and 
capacitance of less than 2 pF. 

The two new SVPs are part of a 
complete line of surge voltage protectors 
now being marketed by Siemens. Addi-
tional information is available from 
Siemens Corporation, 186 Wood Avenue 
South, Iselin, New Jersey 08830, or use 
check-off on page 94. 

low-noise uhf 
transistors 

The Nippon Electronic Company has 
announced a new family of low-noise 
silicon transistors designed for high-gain 
applications in the vhf/uhf region below 
1000 MHz. These new devices are suitable 
for broadband amplifiers, rf and i-f pre-
amplifiers, oscillators and digital circuits 
requiring ultra-fast switching. 

The gain-bandwidth product, f j , for 
these transistors is typically 3000 MHz; 
power gain at 500 MHz is typically 25 
dB. The 2N5652, with a 1.8 dB typical 
noise figure at (2.5 dB maximum) 500 
MHz, is $11.40; the 2N5651, NF 1.3 dB 
typical (2.0 dB maximum) at 500 MHz is 
$25.80; the 2N2650, NF 1.0 dB typical 
(1.5 dB maximum) at 500 MHz is $53.50. 
Prices are for small-quantity orders. Units 
may be purchased from California 
Eastern Laboratories, Inc., 1540 Gilbreth 
Road, Burlingame, California 94010. For 
more information use check-off on page 
94. 
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automatic transistor 
analyzer 

Vanguard Electronic Tools has intro-
duced a new automatic transistor ana-
lyzer, the model 900, which measures 
current gain (beta) directly, and measures 
leakage to the nearest nanoamp. This 
analyzer, designed for use in or out of the 
circuit, automatically differentiates be-
tween pnp and npn transistors, indicates 
silicon or germanium, and operates on 
115/230 Vac. 

Current-gain measurements are zero to 
500 (at 20 mA and 200 juA Ib> and zero 
to 50 (at 200 mA and 2 mA Iq). Leakage 
can be measured at both IcEO a n c l 'CBO 
The leakage scale in the 1-ptA position has 
10 nanoamps per minor division. Collec-
tor current is indicated from 10 nA 
through 100 mA, and the emitter-base 
voltage drop can be measured to the near-
est millivolt. 

The in-circuit transistor test is fixed at 
the 270-ohm shunt level, which means 
that as long as the test transistor has more 
than 270 ohms across the junctions, the 
model 900 wil l see only the test transis-
tor, and none of the peripheral circuitry. 

For qualitative go-no-go testing of 
transistors and diodes, an audio readout 
can be activated that will indicate all 
good transistors and diodes. This is espe-
cially helpful when the operator finds it 
impossible to watch the meter. The price 
of the automatic transistor analyzer is 
$287 (less model 103 electronic probe, 
which is $15). For more information, 
write to Vanguard Electronic Tools, Inc., 
Hy-Tronix Instruments Division, Post 
Office Box 667, Newton, Kansas 67114, 
or use check-off on page 94. 

Standard's SR-C826M Transceiver 
• 12 Channels 14 suppliedI 
• 10 watt power output 
• Hot MOSFET receiver front end 
• Low dra in—al l silicon semiconductors 
• Full 6 month warranty 

Complete, ready-to-go! Connect power and 
antenna and you're on the air! Only 5339.95 
SPECIAL CLOSEOUT: Standard SR-C806MA 
Earlier version ol above, with very similar specs and 
same 6 month warranty , . .just discontinued. 
Was S335.00; while ihey last only S265.00. 

Send OSL or circle number lor detailed brochure 

ERICKSON 
COMMUNICATIONS 
4657 North Ravenswood Avenue 
Chicago, III. 60640 (312) 334-3200 
o division of Carl E. Erickson Co 

GEM-QUAD FIBRE - GLASS 
ANTENNA FOR 10, 15. and 20 METERS. 

Two Elements 
Extra Elements 

$87.00 
$50.00 ea. 

Submit Payment with Order 
Shipped Freight collect. 

Price includes 
Canadian Federal Sales Tax 

or U.S. Customs Duty. 
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* WIRE 
* BALUN KIT 
* BOOM WHERE NEEDED 
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maximum bank to front ratio and excellent side 
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MANITOBA DESIGN INSTITUTE 
AWARD WINNER 
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U.S. Patant No. 3532315 

20 Burnett Avenue, Winnepeg 16, Manitoba, Canada 
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short circuits 

fm receiver 
There are several corrections to the fm 

receiver article that appeared in the 
September, 1970 issue. Inductors L201, 
L203, L204 and L205 should use 
number-24 wire, not number 18. In-
ductors L101 and L102 are Nytronics 
part number SWD5600. The 22k resistor 
across T106 can be changed to 100k to 
facilitate oscillation if T106 has low Q. 

Transistor Q204 may not provide suf-
ficient injection to the mixer due to gain 
differences, manufacturing tolerances, 
etc. The injection level can be increased 
by replacing Q204 with a Fairchild 
SE3005. Be sure to retune T202 and 
L206 after making the replacement; it 
may be necessary to add a few more pF 
across T202 to obtain resonance with the 
SE3005. 

If it is desirable to have a "squelch 
tail" on your receiver, connect a 10-/iF 
capacitor from the base of Q107 to 
ground. 

QRP indicating 
wavemeter 

In fig. 1 on page 27 of the December 
1970 issue, the 1-mA meter will be 
zapped if the switch is closed. The bat-
tery should be returned to ground 
through the switch to prevent damage to 
the instrument. 

frequency scaler 
On page 28 of the August, 1970 issue 

the polarity of the electrolytic capacitors 
are installed backwards; the rectifier 
bridge is shown correctly. One reader has 
noted that the photograph shows the 
electrolytic backwards; this, according to 
the author, is due to an electrolytic casing 
being incorrectly installed by the capaci-
tor manufacturer. 

inexpensive 
swr indicator 

There are a number of false statements 
in this article that got by our staff, 
including misinformation about trans-
mission lines, antenna couplers and im-
pedance matching. If you haven't read 
this article yet, ignore it; if you have, 
forget it. 

Rf, in coax, flows on the outside of 
the inner conductor, and on the inside of 
the outer braid. There should be no rf on 
the outside of the outer shield {except at 
microwave frequencies where the braid 
leaks). If there is, it is usually caused by 
pickup from antenna radiation or the fact 
that an unbalanced line is used to feed a 
balanced antenna, and rf is coupled 
directly from the antenna to the outside 
of the outer braid. This rf sets up parallel 
standing waves and this is what is de-
tected by the device described in the 
article. Our staff makes every effort to 
weed out technical inaccuracies, but we 
slipped badly on this one, and have 
re-evaluated our procedures to insure that 
we don't publish misleading and false 
information in the future. 

BC-1206 conversion 
The 500-ohm resistor connected across 

the 250-pF capacitor in fig. 1 on page 32 
of the October, 1970 issue should be 500 
k. 

fm frequency meter 
The 60-kHz output in fig. 2, page 42 

of the January, 1971 issue should be 
connected to the emitter of the 2N2219, 
not the collector. 

ST-6 Mainline 
RTTY demodulator 

In fig. 6, page 18 of January, 1971 
issue, there should be a lead from the 
input connector to the large dot between 
R1 and the 620-ohm resistor. 
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a second look by 

fisk 

With the coming of late spring it is time 
to take a close look at your antenna 
system to make sure it's operating up to 
par. Check all the electrical connections 
for oxidation, inspect the feedline for 
damage, and if the swr is not as low as it 
used to be, now's a good time to tune up 
the system. 

If you are considering a new antenna 
for your station you may find useful one 
of the designs in this, our annual antenna 
issue. Although there have been few im-
portant breakthroughs in amateur antenna 
design since the cubical quad, a great 
many specialized antennas have been de-
veloped for military and space com-
munications. 

One recent example is the log-periodic, 
first described as a microwave antenna, 
later as a high-frequency wire beam, and 
finally, for television broadcast reception. 
The log-periodic antenna has never be-
come especially popular with amateurs, 
probably because we operate on segment-
ed bands, and the log-periodic is a broad-
band device. The same might be said for 
other recent developments such as the 
backfire antenna and the phased array. 

Over 100 years have elapsed since 
Maxwell formulated the celebrated math-
ematical equations that continue to pro-
vide the basis for classical radio theory. 
This theory was first verified by Hertz in 
1887 with a center-driven wire antenna, 
24 inches long, terminated at each end 
with a metal plate about 16 inches square. 
The fundamental frequency of this an-
tenna, 53.5 MHz*, was excited by a spark 
gap . 

Marconi's first successful wireless ex-

* R. King, "The Linear Antenna - Eighty Years 
of Progress," Proceedings of the IEEE, January, 
1967, page 2. 

periments used basically the same an-
tenna: Two large copper plates excited by 
a spark gap. To increase the distance of 
his transmissions Marconi put up larger 
and larger quantities of wire. Early ama-
teur operators did the same — the DX 
performance of a station was often di-
rectly proportional to the size of the 
station's antenna. 

The first advances in gain antennas 
were the result of experiments by com-
mercial radiotelephone companies which 
wanted to improve the reliability of their 
overseas service. First came the long-wire, 
the vee and the rhombic; then the Lazy-H, 
Sterba curtain and Bruce array, followed 
closely by the W8JK flat-top and the 
parasitic beam. Each new design was ea-
gerly tried out by amateurs trying to im-
prove the performance of their stations. 

However, today it is different; the an-
tennas are not that much different from 
those used a decade ago. Feed systems 
have been improved, impedance matching 
is better, and the antenna wil l stand up 
under more severe weather conditions, 
but the basic antenna is little changed. I 
wonder how much more we can improve 
the ubiquitous beam antenna? 

expanded phone bands 
The actual FCC docket for expanded 

phone bands is essentially the same as 
that discussed on this page last month. 
The text of Docket 19162 is printed in its 
entirety in the April issue of QST. If you 
don't have access to a copy of the text we 
wil l be glad to send you a copy if you will 
enclose a self-addressed, stamped enve-
lope with your request. 

Jim Fisk, W1DTY 
editor 
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four-element 
colinear array 

for two meters 

Extended elements 

with phasing stubs 

give 14 dB gain 

over a 

ground-plane antenna 

o * 
CD 
00 

'5 
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Here is an antenna with as much gain as a 
medium-sized yagi beam; yet, unlike the 
yagi, this antenna is omnidirectional. You 
can easily work stations from all points of 
the compass without waiting for a rotator 
to crank the antenna around to the 
desired azimuth — an advantage when 
working in a contest, a net, or with 
mobile stations. 

the circuit 
The antenna is known as a 4-element 

extended colinear array. It's an improve-
ment over the classical colinear antenna 
described in the literature.' Instead of 
'/i-wavelength elements, the extended 
colinear uses 5/8-wavelength elements 
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(except for the topmost element) to 
obtain gain over the conventional colinear 
array or the popular %-wave ground-plane 
antenna. 

The topmost element is shorter than 
the other elements to preserve current 
balance in the phasing stubs. The sketches 
in fig. 1 show the electrical circuits and 
the distribution of current and voltage. 

have? I made a comparison test, starting 
with a simple ground-plane antenna. 
When the extended 4-element colinear 
was substituted, the radiated field 
strength increased by 14 dB. Some of this 
increase could be attributed to an in-
crease in power input to the colinear, 
since the colinear was adjusted to near 
unity swr before it was installed. 

r 
S//6 X 

L 
r 

5/8 A 

& 3/16 X 

3/16 X 

r 
r 

fa 'JT; 
3/16 X 

3/16 X 

3/16 X 

3/16 A 

L-i-J U 
SO-OHM 

COAX 

rf Current 

fig. 1. The extended colinear array. Sketch A shows electrical lengths of elements and tuning stubs; B 
gives the electrical circuit of the complete antenna. Current and voltage distribution are shown in C 
and D. 

features 
In addition to the added gain, the 

extended colinear has extra height com-
pared with the ground plane. The ex-
tended colinear is self-supporting to 17 
feet above its base on 2 meters. This 
added height puts the radio horizon 
several miles further away than that of a 
ground-plane antenna. The improvement 
will be more noticeable, of course, if you 
must roof-mount the antenna than if you 
can manage a 50-foot tower. 

gain 

Just how much gain does this antenna 

theory 
The extended colinear array is a bit 

longer than the classical 4-element co-
linear. The added gain results from the 
increased spacing between current loops, 
or maxima, in the radiating elements (fig. 
1). Increasing element length beyond 5/8 
wavelength actually decreases gain, 
because the out-of-phase currents in the 
element ends then become large enough 
to cancel some of the radiated field. 

phasing 

By mounting the four elements linear-
ly and feeding them in phase, the fields 
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radiated by the individual elements will 
reinforce. The sum of the four fields 
{total field strength) will be maximum in 
a plane normal to the axis of the antenna 
(fig. 2). The pattern is like the doughnut-
shaped field of a vertical dipole, but 
much flatter. In the vertical plane, the 
beam-width is only about 20 degrees, 
with maximum radiation directed at the 
horizon (fig. 3). 

Proper phasing is accomplished with 
stubs. Placed between each element, a 
stub of the proper electrical length intro-
duces just enough delay to keep the 
currents in the elements phased 360 
degrees apart (for our purpose, this is the 
same as zero degrees, or exactly in phase). 

Since the elements are longer than 
usual, the phasing stubs must be shorter 
by a corresponding amount. Instead of 
wavelength, the stubs are 3/16 wave-
length from the shorted end to the open 
end, or 3/8 wavelength all the way 
around. The length of one element, plus 

feeding and matching 
The array is fed at the base through 

another stub, much like the phasing 
stubs, except that only half of this stub is 
constructed. (The other half is a reflec-
tion in the ground-plane disc.) Since this 
stub is unbalanced, coax can be con-
nected directly without a balun. The 
center conductor is passed through the 
disc and soldered to the point on the stub 

fig. 3. T h e "squashed doughnut" pattern 
of the extended colinear antenna. T h e 
angle shown is in the vertical plane. 

J / 

fig. 2. Relationship of waves radiated 
from each element as a function of 
range. Since the waves travel approxi-
mately equal distances to reach a distant 
point, P, all arrive in phase and add to 
produce increased field strength. 

the length of one side of each adjacent 
stub, equals one wavelength (360 elec-
trical degrees) except for the top element, 
where the total is % wavelength; the 
length of the top element is 9/16 wave-
length (see fig. 1). Lengths of all 
elements, tuning stubs, and radials are 
given in fig. 4. 

where the impedance matches that of the 
coax, and the braid is grounded to the 
disc that secures the ground-plane radials. 
See fig. 5. By alternately adjusting the 
position where the coax is tapped, and 
the length of the stub, a match near 1:1 
can be obtained. The radials are Va wave-
length long. They decouple rf from the 
mast and the outside of the coax, thus 
making the array independent of actual 
ground. An overall view of the antenna is 
shown in fig. 6. 

construction 
This antenna is best assembled by 

casting the insulators in place. This pro-
cedure is not absolutely necessary, but it 
does produce strong, watertight joints. 
The casting process is not difficult or 
expensive; one method is described later 
in the article. 

radiators 
Each radiating element should be 
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strong enough to support both the weight 
and the wind load of the parts above it. I 
used tapered elements; it would also be 
possible to make each element from a 
different-size tubing. Aluminum alloy is a 
good choice for material because of its 
high strength-to-weight ratio, although 
it's difficult to solder. 

If each element is made with a joint of 

9/16 ELEMENT 
44.5 44.0 43,5 430 

494 490 4 0 5 I S O 
S / B X ELEMENT 

19.7 19.3 19:1 
1/4 X RADIAL 

LENGTH (INCHES) 

fig. 4. Lengths for elements, stubs, and radials 
in inches versus frequency. Data is based on 1/2 
to 3/8-inch-diameter elements. 

some type, the antenna can be dis-
assembled to make transportation easier. 
If this isn't done, the antenna should be 
assembled in a place where its 17-foot 
length won't become a problem. My 
tubing had threaded joints; however, 
lacking these, you can use progressively 
smaller sizes of tubing. By splitting the 
end of a tube with a hacksaw, slipping the 
smaller tube inside and applying a hose 
clamp or two, you'll have a joint that will 
allow adjustment as well as disassembly 
of each element. 

Each stub is made in two halves at 
first, to be joined later. Cut each half to 
length according to fig. 4, but allow a 
little extra for making the joint to the 
tubing. Add a little more than this for 
pruning; say 6 inches. It's best either to 
solder or weld the wire to the tubing. 
Make sure all joints are mechanically and 
electrically sound. Do not use acid-core 
solder. 

casting the insulators 
For casting, you'll need three basic 

items: a mold, resin, and a means to hold 
the parts steadily while the resin cures. 

The mold can be made of plaster of 
Paris. You can make a mold for each 
insulator and do the casting all at once, or 
you can make one reusable mold and cast 
the insulators one at a time except, of 
course, the base insulator, which requires 
its own mold. I used the latter method; 
however, if I were to do it again I'd use 
the former method, which saves a lot of 
trouble and resin. 

element insulators 
Arrange each element with stub wires 

attached, and with the joints disassem-
bled, so that each element is in its proper 
relative position with respect to the 
others. A cardboard mold, fashioned 
from a quart milk carton, is then used to 
cast a block of paraffin. When the paraf-
fin has solidified, remove the cardboard 
mold and carve the paraffin into the 
shape of the insulator (see photo). 

Using another piece of cardboard, cast 
a block of plaster of Paris around the wax 
insulator. This will form a mold for the 
plastic resin, which constitutes the in-
sulator. When the plaster has set, the wax 
can be melted. You'll need at least one 
hole in the plaster to drain the melted 
wax, and another for pouring the resin. 
These holes can be made during the 
casting process with two greased, pointed 
sticks; or after casting, with a drill. Use 
care when melting the wax, because if it 
gets too hot the plaster will dry and 
crumble, or soldered connections on the 
stubs will melt. 
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base insulator 
Forming the base insulator can be 

tricky, but here are some hints to make 
the process easier. 

First, drill three holes in the ground-

proper position. (You'll probably lose 
some paraffin through the slot melted by 
the stub wire and have to retouch your 
pattern.) 

When the pattern is ready, be sure that 

FIRST ELEMENT 

PLASTIC INSULATION 

AVOID CONTACT BETWEEN 
S TUB AND MOUNTING BOLT 

MOUNTING BOLTS COAX 

fig. 5. Detai l of center insulator, bottom matching stub, and radial anchor plate, A . V i e w B shows 
the assembly in perspective. 

plane disc of the proper size to accept the 
bolts that will hold the antenna. Then 
drill another hole in the center of these 
three holes. (This hole will be used to 
pour paraffin into a mold.) Turn the 
ground-plane disc upside-down and place 
the three bolts into position, threading 
the nuts on the bolt ends to support the 
weight of the bolts as they hang (also 
upside-down) through the holes. See fig. 
7. 

Place the entire assembly on top of a 
paper cup, with the bolts hanging down 
inside the cup, but not touching its sides. 
The cup forms a mold for the paraffin, 
which is cast to form a pattern for the 
mold, as before. 

After casting the paraffin, turn the 
base over and carefully remove the paper 
cup. Place a cardboard cylinder, or a can 
with the top and bottom removed, 
around the paraffin pattern to hold the 
plaster. Arrange a brace to hold the 
tubing vertically. Heat the end of the 
tubing, and let it melt its way into the 
wax pattern until the tubing reaches the 

the base plate is absolutely level and the 
tubing is absolutely vertical. Then pour 
the plaster. Check to ensure that nothing 
has shifted out of alignment. When the 
plaster has solidified, you can melt the 
wax pattern, as before. It will probably 
be easier to do this without the radials 
installed. 

casting in resin 
With the molds ready, you can cast all 

the insulators in plastic at the same time, 
using only one batch of resin. This will 
eliminate considerable waste of resin and 
acetone. Use polyester or slow-curing 
epoxy resin, of the type used for fiber-
glass boats, for the casting. Do not, under 
any circumstances, use the rapid-curing 
type of epoxy resin, which is commonly 
supplied with patching kits. The heat 
generated by the rapid curing causes a 
chain reaction inside the mold, because 
the heat can't escape as fast as it's 
generated. It can get hot enough to boil, 
which causes bubbles; or it can even catch 
fire. When the reaction is over and the 
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9/16 X 

stuff cools, it will crack. If polyester resin 
is used, apply twice the usual amount of 
hardener or catalyst. This will cause the 
mix to set up a bit faster and will also 
make the finished casting more flexible 
and less brittle. 

Always measure carefully, and stir 
with care to avoid mixing bubbles into 
the plastic. Keep everything out of direct 
sunlight, and never mix more than you 
can use at one time. Otherwise the resin 
will gel, taking on the consistency of 
something between Jello and rubber. 
Note: the only thing that will remove 
resin from hands and tools is acetone. It 
evaporates so fast you have to see it to 
believe it, so get about twice as much as 
you think you'll need. 

When the resin has set, you can break 
away the plaster molds, put everything 
together except the stubs, and proceed 
with tuning. 

tuning 
The stub wires should be soldered or 

welded to their radiating elements, but 
not yet connected to each other. 

Prune the stub wires to exact length, 
using capacitive coupling — as loose as 
possible — to the hot end of a grid-dip 
oscillator tank coil. Using a receiver to 
check the oscillator frequency, resonate 
the three lower elements, with their stub 
wires, at one wavelength each. Ground 
one end of the top element to a metal 
screen or sheet and resonate it to % 
wavelength. White doing this, try to keep 
all the stub wires parallel to maintain 
constant capacitance between them. 

Install the radials and tune them all to 
% wavelength. Now solder the wire ends 
together, or solder a shorting wire in 
place, to complete all the phasing stubs; 
then temporarily ground the end of the 
matching stub. Check the resonant fre-
quency of the entire antenna with the 

PAPER CUP 

ANTENNA ELEMENT 

CAPOBOAflO CYLINDER 

e 

fig. 7. Making the insulators. Final step in casting an element insulator in resin is shown at A (see text) 
The base insulator is made by pouring a wax pattern, B, around which a plaster mold is formed, C. 
The wax pattern is then melted out of the mold, and the mold is filled with polyester resin, D. 
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gdo capacitively coupled to the top end 
of the antenna, as before. Note that the 
antenna will resonate at any odd multiple 
of the quantity (operating frequency 
divided by 19). For example, if the 
operating frequency is 190 MHz, the 

and try again. If this doesn't improve 
things, try lengthening the stub. By alter-
nately adjusting the length of the stub 
and the position of the tap, you should 
be able to get close to a 1 to 1 match. 
When you're satisfied with the swr, drill, 

Matching-stub detail. Stubs are tuned initially using a grid-dip oscillator, then pruned to correct 
length and soldered or welded to elements. 

antenna will also resonate at 170, 150, 
130, etc., and 210, 230, 250 MHz, etc. So 
be careful not to tune it on the wrong 
harmonic. With this in mind, adjust all 
the stubs equally, a little at a time if 
necessary, to get the antenna on 
frequency. 

Now set up the antenna in a clear area, 
at a convenient working height for adjust-
ment of the matching stub. Temporarily 
connect the coax to about the middle of 
the stub, and check the swr. If it isn't 1 
to 1 (hi hi), move the coax a bit to either 
side and test again. When you've found 
the point of minimum swr, and if it isn't 
quite close to 1 to 1, then shorten the 
stub a bit by moving the ground point. 

punch and/or file a hole at the proper 
place and install a chassis-type coax con-
nector. Reconnect the coax to the con-
nector, and recheck the swr. You may 
have to readjust the tap a fraction of an 
inch. 

Now you can put 'er up as high as 
possible, and sit back and enjoy all the 
new signals you'll hear on the two-meter 
band. 

references 
"\.ARRL Handbook, Headquarters Staff, Amer-
ican Radio Relay League, Newington, Con-
necticut. 
2. R. L. Crawshaw, WA0NGV, "5/8 Wavelength 
Verticals," 73, May, 1970, p. 36. 

ham radio 

12 G 9 m a y 1971 



adjustable balun 
for 

yagi antennas 

Complete design 

and construction details 

for adjustable 

balanced-to-unbalanced 

feedline transformers 

o r*. o <t o> 
4) 

to 
o 
in 
O 
<v 
U 
c 
ra 
CO 
c CO 
V ra > 
o 
c 
o 

s 
0 < 
1 
LLI 

< CO (O 

E (0 

How convenient it would be if all Yagi 
beams presented a 50-ohm, unbalanced, 
non-reactive load at the feedpoint! Un-
fortunately, this is not the case, as most 
single-band Yagis exhibit a balanced 
feed-point impedance in the range of 18 
to 30 ohms. Off-resonance, the im-
pedance becomes complex, varying in the 
typical manner shown in fig. 1A. More-
over, when using a center-fed dipole the 
feedpoint impedance is balanced to 
ground, and an unbalanced coaxial feed 
system can result in degraded antenna per-
formance. Poor front-to-back ratio, noise 
pickup and TV I may be some of the 
problems arising from improper attention 
to system balance. 

A number of interesting matching and 
balancing systems have been evolved from 
time to time to solve these problems, and 
the better solutions work quite well. This 
article discusses an adjustable trans-
formation linear balun of a type that has 
seen service in commercial installations 
over the years. However, its use in 
amateur circles has been restricted, possi-
bly because of lack of knowledge regard-
ing its operation. The balun will provide 
an adjustable step-up impedance match 
plus an accurate transformation from an 
unbalanced to a balanced mode for load 
values of about 10 to 50 ohms. Best of 
all, it is easy to adjust. Here's how you 
design, construct and tune this interesting 
device. 
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the L-network 

The adjustable balun is derived from 
the basic L-network shown in fig. 1B. By 
the use of a combination of a series and 
shunt reactance the low-impedance load 
may be matched to a high-impedance 
source. Transformation ratios up to ten 
or more are common. Two lumped con-

stant L-networks are shown in fig. 2. 
They are conjugate networks, the sign of 
the series and shunt impedances being 
reversed between the A and B versions. 
The A network is rather common in 
amateur equipment;1 it may be recog-
nized as the output section of the popular 
pi-L network circuit. 
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fig. 1. Yagi-beam impedance plot in A Is 
similar to that of a dipole. Resistive 
component increases with frequency; re-
active component is negative below 
resonant frequency and positive above It. 
L-network in B consists of series and shunt 
reactances and may be used to match a 
Yagi to 50-ohm coaxial line. 
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FERCENT CHANGE FROM RESONANT FRENQUENCT 
m 

Vhf (left) and hf (right) balun construction. 
Balun tubes are locked in position by phenolic 
blocks, inner conductor of coaxial line crosses 
over and is soldered to opposite tube. Short 
lengths of copper ribbon provide easy connec-
tion to dipole element. 

• 

I 

The configuration in fig. 2B is used 
less often although it performs in the 
same general fashion as the A network. 
This second version of the L-network is the 
one used in the adjustable antenna balun 
described here. 

In both versions, X l and Xq represent 
real components, and R represents a 
resonant antenna load. If the antenna is 
deliberately made non-resonant, however, 
it may be adjusted to simulate a complex 
impedance containing the desired value of 
either X l or Xq. Specifically, if the 
dipole antenna element is longer than 
resonance, it exhibits inductive reactance 
(X l ) at the center terminals; if it is 
shorter than resonance, it exhibits capaci-
tive reactance (Xch Thus, varying the 
length of the antenna beyond the reso-
nant point eliminates the real com-
ponents X|_ (in network A) and Xq (in 
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network B). The L-network may be re-
duced to an off-resonant antenna, and 
either a parallel capacitor or inductor 
may be used, depending upon the type of 
network. 

may take the form of a shorter-than-
resonant dipole. In addition, the lumped 
inductor X|_ may be removed and a 
shorted segment of transmission line sub-
stituted as shown in fig. 4. 

Base end of hf (left) and vhf (right) baluns. Adjustable shorting bar is visible on hf balun. Extra 
shorting bar has aluminum boom clamp mounted on it. Coaxial line passes out of balun tube and has 
female type-N coaxial fitting (UG-23B/U) fitted at end of line. Vhf balun has one adjustable shorting 
bar (not In photograph) with copper shorting bar sweated to bottom of balun tubes, one tube is a 
few inches longer than the other and has a modified UG-18B/U coaxial plug soldered to the tube. In 
the hf balun, the coax braid is soldered to the end of the copper tube and the joint wrapped with 
vinyl electrical tape. The braid is completely removed in the vhf balun with the inner conductor of 
the line soldered directly to the coaxial fitting; the inner conductor is passed through the tube to the 
opposite end. 

balanced L-network 
There still remains the problem of 

connecting an unbalanced coaxial trans-
mission line to a balanced antenna 
element. Fig. 3 shows the network of fig. 
2B redrawn for a balanced condition. The 
ground point is moved to the center of coil 
X|_, and two capacitors, each double the 
value of X c are placed in series with the 
load. As before, if the load is considered 
to be an antenna, the series capacitance 

The configuration is the mechanical 
heart of the adjustable balun. A shorted 
transmission line less than one-quarter 
wavelength long presents an inductive 
reactance at its open end. A shorter-than-
resonance dipole presents a capacitive 
reactance at its terminals. If the length of 
the line segment (or stub) and the length 
of the dipole are properly chosen, the 
components of the impedance matching 
network are reduced to a few lengths of 
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tubing, two of which are the halves of the 
driven element in the beam antenna. 

The linear L-network is easily con-
verted to a practical balun transformer as 
shown in fig. 5. Points A and B of the 

ance, an equivalent parallel network 
which possesses the same impedance 
characteristic can be found.2 The general 
case for determining the values required 
for any two impedances to be matched 

fig. 2. Conjugate l_-net-
works. Network A is 
preferred when load 
reactance may be nega-
tive. Network B is pre-
ferred when load re-
actance is positive. For 
reactance ranges com-
mon to Vagi antennas, 
either network may be 
used. 
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balun are balanced to ground and present 
the correct impedance to match the 
shortened dipole. The unbalanced coaxial 
line may be brought into the balun 
through one of the balun tubes, with the 
center conductor of the coaxial line 
crossing over at the end of the device to 
contact the opposite balun tube, as 
shown in the illustration. Of course, the 
impedance of the coaxial line must be 
held to the original value as it passes 
through the balun tube. By adjusting 
both the shorting bar on the balun and 
the length of the dipole this simple device 
will provide excellent balance and trans-
former action. 

Balance is achieved by permitting the 
outer shield of the coaxial line to assume 
the potential of the balun tube as it 
passes from the grounded end (C) to the 
terminal end (Bk Cross-connecting the 
center conductor to the opposite balun 
leg insures 180° phase reversal is main-
tained. 

network transformation 
The reason the L-network is able to 

transform one impedance value to 
another is that, for any series circuit 
consisting of a series reactance and resist-

by the L-networks of fig. 2 are sum-
marized by the following equations: 

Rin 
R 

Q 2 + 1 

Q = 

Q = _ Rin 

11) 

<2) 

(3) 

Where R j n = t h e input impedance, 
R = the load impedance, X s = the series 
reactance, X p = the parallel reactance, 
Q = the circuit Q, and the series and 
shunt reactances are of opposite sign. 

For easier usage with 50-ohm lines, 
these formulas may be reduced to the 
ones shown in fig. 2 with the relationship 

R IMPEDANCE 
BALANCED 

LOAD 

fig. 3. The L-network of fig. 2B redrawn for a 
balanced source and load. Points A and B are at 
equal and opposite potential to ground. 
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between X s , Xp , R jn and R given in fig. 6. 
The reactance values are in ohms and may 
be translated to picofarads and micro-
henries w i th the aid of a reactance chart.* 

balun design 

Once the transformation ratio and the 
values of series and parallel reactance 

wavelength long, constructed in this 
fashion, is: 

X|_ = Z 0
 t a n / 

where X|_ = inductive reactance in ohms, 
Z Q = characteristic impedance of the 
balun line, and I = length of the balun line 
in electrical degrees. 

ADJUSTABLE / SHORTING / BAR 

fig. S. Linear transformer of fig. 4 is modified into balun by passing coaxial line down one leg. 
Points A and B are balanced to ground. Inner conductor of coaxial line is cross-connected to 
opposite balun leg. The impedance transformation is adjusted by varying length of the balun and 
length of driven element of antenna. 

have been established, the physical balun 
may be designed from transmission-line 
formulas. The fact that a shorted, two-
conductor transmission line of the proper 
length exhibits inductive reactance at the 
terminals makes it possible to substitute 
such a line for the inductor in an L 
network. The amount of reactance shown 
by the line segment is determined by the 
characteristic impedance and the elec-
trical length of the two-conductor line. 
The inductive reactance of a shorted 
lossless balun line, less than a quarter-

SHOR TING 
BAR 

} 

— ^ 
H UN£ SeeHKNT 4 ' 

fig. 4. The inductor Xj_ in fig. 3 may be 
replaced with a segment of shorted 
transmission line. Points A and B are at 
equal and opposite potential to ground, 
C. 

Fig. 7 is a plot of balun line length {I) 
in electrical degrees as a funct ion of the 
ratio of load impedance to balun im-
pedance (a). A plot of the ratio a in 
terms of line length in feet for the 
20-meter band is given in fig. 8. These 
charts provide sufficient information to 
build your own linear balun. 

practical balun transformer 

A balun transformer built along these 
principles is shown in the photographs. 
For convenience the balun is made of 
3/8-inch diameter hard-drawn copper 
tubing. The feedline, RG-8A/U cable, wi l l 
just pass through the tubing when the 
braid and the vinyl jacket are removed 
from the line. Using a center-to-center 
spacing of 3 inches, the balun line wi l l 
have a characteristic impedance (ZQ) of 
about 325 ohms. 

The Smith chart may also be used for im-
pedance transformation. See P. H. Smith's 
book, "Electronic Applications of the Smith 
Chart," published by McGraw-Hill. 
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fig. 6. X|_ and X c values for antenna load R. 
This chart may be used for determining balun 
reactance values when a 50-ohm transmission 
line is used. For example, if the load impedance 
(antenna impedance at resonance) is Z5 ohms, 
the capacitive element ( X c ) of the balun of fig. 
2B is 25 ohms, and the inductive element (Xj_) 
is 50 ohms. The chart may be used with the 
balun of fig. 2A if the nomenclature of the 
curves is reversed (X|_ becoming X c and X c 

becoming X L ) . 

Assume the impedance of the trans-
mission line is 50 ohms and the antenna 
load is 20 ohms. Using fig. 6, the value of 
X c is found to be - 2 4 . 5 ohms, and the 
value of X|_ is +41.5 ohms. Turning to 
fig. 7, the ratio of X|_ to balun charac-
t e r i s t i c i m p e d a n c e ( a ) is 
41.5/325 = 0.127 as noted on the y-axis. 
The value for /, as found on the x-axis is 
about 7.5 electrical degrees. 

To get the answer directly in feet, fig. 
8 may be used for the 20-meter band. In 
this example for a = 0.127 {read as 0.125 
on y-axis) the balun length is about 1.4 
feet, or 16 inches. 

The chart of fig. 6 has indicated that 
the series reactance (Xc) for this example 

* As antenna length decreases, feedpoint 
impedance decreases, too. The decrease typ-
ically runs about 10% to 15% for the range 
encountered in matching a three-element Yagi 
beam to a 50-ohm transmission line. 

is - 24 .5 ohms. This reactance takes the 
form of a shorter-than-resonance driven 
element. The amount of shortening re-
quired is a function of the length to 
diameter of the element and the feed-
point impedance at resonance of the 
element.* The amount of shortening may 
be computed easily for a single dipole 
element, but no information exists (that I 
am aware of) that permits this computa-
tion to be made for a multi-element Yagi 
beam. Consequently, the shortening 
necessary to bring the driven element to 
the proper reactance value is best deter-
mined by the heuristic method — cut and 
try! For a three-element 20-meter beam, 
shortening the driven element about three 
to six inches each side seems to bring 
things into the ball-park. 

adjusting the balun 
The balun transformer may be pre set 

and attached to the beam antenna. The 

10 IS 20 23 30 X 

LENGTH IN ELECTRICAL DEGREES 

fig. 7. Balun length in electrical degrees as a 
function of the ratio of the load impedance to 
the balun Impedance ( X L / Z 0 ) . 
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balun can run parallel to the boom for 
convenience at a distance of about six 
inches f rom the boom. Positioning the 
balun closer to the boom wi l l necessitate 
a change in setting. The driven element, 
for a starter, should be shortened about 
three inches on each t ip (for 20 meters). 

The excellence of adjustment is ascer-
tained by running an swr curve across the 
band, making a measurement every 50 
kHz or so. Balun length and driven-
element length are then adjusted to drop 
the swr curve to a 1-to-1 ratio at or near 
the center of the band. Adjustment is not 

1-watt composition resistors of known 
value. The calibrated transformer balun 
may then be used backwards, as it were, 
to determine the feedpoint impedance at 
resonance of the antenna. 

Various adjustable baluns are in use at 
W6SAI. A permanent one is placed on the 
beam antenna, and two others are cali-
brated for use around the shack on 
experimental antennas. The balun for 
high frequency work is about five-feet 
long and has center-to-center spacing of 3 
inches. The vhf balun is about the same 
length (approximately Vh wavelengths at 

fig. 8. Balun conversion 
chart for 20 meters. 
Balun length in feet 
may be determined if 
resonant antenna load 
and balun impedance 
are known. Ratio of 
these two items is 
found on y-axis, and 
balun length is read on 
x-axis. Chart may be 
used for other bands 
(multiply lengths by 2 
for 40 meters, divide by 
1.5 for 15 meters, 
divide by 2 for 10 
meters, etc. 
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critical, and if you log your adjustments 
you wi l l quickly be able to estimate the 
degree of change necessary to adjust the 
system " o n the nose." Adjustments of 
balun and dipole length are interlocking, 
but setting the balun to the length in fig. 
8 for a given value of antenna load and 
preshortening the driven element a few 
inches wi l l insure that the starting point is 
not too far out of line. 

For convenience the feedpoint im-
pedance of the three-element Yagi beam 
may be taken as 20 ohms. In fact, it is 
possible to calibrate balun length versus 
terminal impedance in the home work-
shop using a grid-dip oscillator, an an-
tennascope or swr meter and a handful of 

144 MHz) wi th a center-to-center spacing 
of 1% inches. The extra half-wavelength 
was added to the vhf balun to permit 
measurements to be made wi thout the 
operator being in the immediate field of 
the antenna. 

Baluns of this general type may also be 
used as step-down transformers to match 
balanced load impedance in the range of 
50 to 300 ohms to low-impedance coaxial 
lines — but that's another story. 

references 
1. William I. Orr, W6SAI, editor, "Radio Hand-
book," 18th edition, p. 288, Editors & Engi-
neers, New Augusta, Indiana. 
2. Gray and Graham, "Radio Transmitters," 
Chapter 5, Mc-Graw-Hill, New York, 
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a practical 
experimenter's 

approach to 
time-domain reflectometry 

Time-domain reflectometry 

represents one of the 

easiest methods 

of analyzing 

transmission-line problems. 

The system shown here 

is easily duplicated 

in your shop 

The use of time-domain reflectometry for 
analyzing transmission lines has enjoyed 
little popularity among experimenters 
who must finance their own projects. In 
fact, there are probably many amateurs 
who have never heard of this technique. 
Essentially, time-domain reflectometry is 
a closed-circuit radar system that displays 
transmission-line impedance "bumps" 
and discontinuities on an oscilloscope.* 

This system has been used by repair 
crews for many years to locate faults in 
high-voltage transmission lines. A pulse 
burst is sent continuously down the 
transmission line. If the pulse encounters 
a short or open circuit the reflection 
travels back to the sending point, where it 
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is compared in phase, time and amplitude 
with the original pulse. This comparison 
indicates the distance to the fault as well 
as its nature. 

With new high-speed oscilloscopes it 
has become practical to apply the time-
domain reflectometry technique to high-
frequency transmission lines. The faster 
the transmitted pulse, the greater the 
distance resolution, since distance is re-
lated to time. Hence, distance resolution 
has shrunk from hundreds of yards to 
fractions on an inch, and commercial 
systems permit accurate measurement of 
reflections only a thousandth of a volt in 
amplitude. 

Although commercial time-domain 
reflectometry equipment costs in the 
thousands of dollars, the basic technique 
is quite simple, and if the experimenter is 
willing to sacrifice the extreme accuracy 
of commercial equipment, he can dupli-
cate the basic system at relatively low 
cost. 

The only expensive requirement is a 
good oscilloscope, preferably one with 
triggered sweep, with bandwidth ex-
tending to 10 MHz or beyond. The upper 
limit on scope bandwidth is the prime 
limiting factor in measuring small dis-
continuities along a transmission line. 
Aside from the requirement for a good 
scope everything else can be built or is 
readily available in your shop. With this 

*For more information on time-domain reflect-
ometry, see Hewlett-Packard application note 
67, "Cable Testing with Time-Domain Reflecto-
metry." Available from Hewlett-Packard, 1501 
Page Mill Road, Palo Alto, California 94304. 
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simplified approach transmission-line 
impedance cannot be measured within a 
tenth of an ohm accuracy, nor can 
transmission-line lengths be measured in 
one-foot lengths, but accuracy and resolu-
tion are good enough to be quite useful, 
and will provide answers to trans-
mission-line problems where none were 
previously available. 

fundamentals 
The time-domain reflectometry (TDR) 

system is based on the propagation of an 
energy pulse down a transmission line 
into the load at the other end. A scope is 
used to monitor the pulse. It takes a 
finite length of time for the pulse to 
travel down the transmission line; this 
length of time is very short and depends 
upon the length of the transmission line. 
As the pulse travels through the line it 
may or may not be upset. If discon-
tinuities exist along the line, part of the 
pulse energy will be reflected back 
toward the generator. 

Since the scope is connected across the 
output of the pulse generator any energy 
that is reflected will be displayed. The 
original outgoing pulse is sharp-cornered 
and flat-topped; when reflected energy is 
added the flat top develops ripples and 
humps. The position of the ripple along 
the normally smooth top of the pulse 
corresponds directly to the length of time 
taken for the pulse to travel to the 
discontinuity and back again. 

Schmitt-trigger pulse generator and 1-MHz 
source are built into small steel chassis. 

If the transmission line is perfectly 
matched the pulse will be loaded down, 
and its voltage amplitude will be reduced, 
but the pulse top will remain smooth and 
flat. On the other hand, if the coax has 
water in it or is otherwise contaminated, 
or if a splice is poorly done (or any 
number of similar maladies) there is a 
mismatch and the pulse displayed on the 
face of the scope will be distorted. The 
oscillographs, figs. 7 through 10, show 
typical forms of distortion. 

The input pulse must be very short 
and fast, and the scope must have charac-

Inside the time-domain reflectometry unit. The 
1-MHz source is in the shield can to the left. 

teristics equal to (and preferably better 
than) the pulse's fast rise time and short 
duration. The duration of the pulse deter-
mines the distance resolution of the 
system. For example, a two-second pulse 
is short enough for a transmission line 
186,000 miles long (the pulse must travel 
twice the length of the transmission line 
before it gets back to the scope, thus, two 
seconds instead of one). Although the 
velocity factor of the coax, typically 
0.66, will slow things down somewhat, 
pulse lengths this long are obviously not 
practical. However, the pulse can be 
easily shortened, and a pulse length of 1 
microsecond is suitable for approximately 
324 feet of coax or 480 feet of open-wire 
line. This puts transmission-line lengths 
within manageable limits. 

In commercial time-domain reflecto-
metry systems much shorter pulses are 
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used with special sampling oscilloscopes. 
In a typical setup the combination of a 
very-fast-rise-time pulse generator and 
sampling scope provides an overall fre-
quency response of 2.3 GHz or better. 

equipment 
Figs. 1 and 2 show two different 

approaches to getting a workable time-
domain reflectometry system going. Fig. 
1 was my first attempt; nothing was built 

f i g . 2 . P r a c t i c a l 
time-domain reflec-
tometry system uses 
1-MHz crystal-con-
t r o l l e d oscillator, 
S c h m i t t - t r i g g e r 
pulse generator and 
high-frequency os-
cilloscope. 

1 MHt 
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SCHMITT 
TRIGGER 

1 MHt 
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SCHMITT 
TRIGGER 

4 i 

TEST CABLE 

TERMINATION 
RESISTOR 

SCOPE 

O *ISV 

This corresponds to a rise time of 150 
picoseconds (150 tridionths of a second) 
which means that transmission-line dis-
continuities less than a half-inch apart 
may be resolved and isolated. 

Although the pulse length for a prac-
tical amateur system doesn't have to be 
this short, the requirements for the pulse 
are fairly stringent. In my T D R system 
the pulse repetition rate was chosen at 1 
MHz. For a fast-rise-time smooth pulse 
harmonics beyond 30 MHz will be pre-
sent. Fortunately, adequate semicon-
ductors are readily available, and the 
necessary construction techniques are no 
more than those required for a good 
100-kHz crystal calibrator. 

fig. 1. O r i g i n a l t i m e - d o m a i n ref lec-
tometry system built by author indi-
cated feasibility of simplified approach. 

but the Schmitt trigger circuit, and it was 
only loosely haywired together. Friends 
viewed the assemblage with skepticism; 
the Schmitt trigger resembled floor 
sweepings more than anything else. How-
ever, it worked, and from that initial 
success evolved the system in fig. 2. This 
is basically the same except that a 1-MHz 
driving source was used. A crystal-con-
trolled 1-MHz driving source is particular-
ly valuable where sweep-time calibration 
of the scope is in question, since the pulse 
generator then doubles as a very accurate 
time-base calibrator. 

The 1 MHz source I used was taken 
from commercially built equipment and 
puts out a crystal-controlled 1-MHz sine 
wave. It can be easily duplicated, or a 
standard signal generator may be used. It 
does not take much power to drive the 
Schmitt trigger. A simple 1-MHz driver 
circuit is shown in fig. 4. 

The Schmitt trigger circuit is a stand-
ard design; component values were jug-
gled in the prototype to provide a clean, 
stable pulse with fairly low impedance. 
The hysteresis of the circuit was made as 
low as practicable while still allowing 
sufficient pulse-length adjustment. The 
2500-ohm pot sets the switching thresh-
old, and the pulse length with a sine-wave 
driving signal. Pulse length is also a 

24 0 may 1971 



function of the amplitude of the 1-MHz 
source. Resistor R1 is used to set drive-
signal amplitude by loading generator 
output down to the level required by the 
Schmitt circuit. 

sistor and the saturation voltage of Q2. 
When these voltages are offset pulse 
output will be referenced against a O-volt 
baseline instead of being elevated above 
ground. The diodes are silicon switching 

The transistors are small-signal, high-
frequency switching types. In my unit I 
used devices from surplus digital equip-
ment. I don't know anything about them 
except that they are silicon npn. With the 
2500-ohm threshold pot in the circuit 
transistor substitution should cause no 
problem, only readjustment of the pot. 

When the final trigger circuit was built 
it worked when power was first applied, 
and was tested by hooking it into a 
communications receiver. As the thresh-
old pot was varied for symmetrical on-off 
characteristics, the even harmonics went 
through a null of several dB as read on 
the S-meter. Since theory says that there 
will be no even harmonic energy in a 
perfect square wave it was assumed that 
the pulse generator was working properly. 
This was verified later with an oscillo-
scope. 

The 680-ohm resistor in series with the 
Schmitt circuit output prevents excessive 
loading of the circuit due to low cable 
impedance. The two diodes in series with 
the output are to offset the voltage 
developed across the 39-ohm emitter re-

types and are not at all critical. I used 
1N645s. 

Adjustment of the 2500-ohm thresh-
old pot is not critical. If the driving 
voltage at the base of Q1 has the proper 
amplitude the threshold action of the pot 
will occur across a few degrees of rotation 
near the center of its range. Once the 

fig. 4. Crystal-controlled 1-MHz oscillator. 

circuit is switching properly the narrow 
range of the pot's adjustment is used to 
vary the length of the positive pulse 
output. In my unit, 0.6 microsecond 
pulses provided ample time for work. 

operation 
The pulse generator output must be 
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hooked directly to the transmission line 
without excessive lead lengths. The scope 
connection is very critical. A high-
impedance scope probe with a 10:1 
divider is satisfactory, but the scope must 

Once a clean pulse is visible on the 
scope (similar to fig. 5) scope sweep time 
can be adjusted to f i l l the entire screen 
wi th the top of the pulse as shown in fig. 
6. A t this point the pulse generator 

fig. 7. Transmission-line display. From left to 
right: 68-feet 50-ohm RG-B/U, 25-feet 93-ohm 
RG-62/U, 100-ohm termination. Termination 
occurs approximately at center screen; right 
half of pulse displays no information. "Step" in 
display occurs at transition from SO- to 
100-ohm transmission line. 

fig. 8. Transmission-line display. From left to 
right: 68-feet 50-ohm RG-8/U, 25-feet 93-ohm 
RG-62/U, 25-feet 50-ohm RG-58/U, 51-ohm 
termination. Bump indicates length of 93-ohm 
RG-62/U. 

have adequate sensitivity. I found it more 
expedient to hook the pulse output direct-
ly into the scope wi th a very short length 
(less than 6 inches) of low-capacity coax 
cable such as RG-62/U. If there are any 
ground loops present in the system they 
will probably show up as excessive over-
shoot and/or ringing on the front edge of 
the pulse. This is where high-frequency 
construction techniques are very impor-
tant. 

output is terminated directly at its out-
put. The next step is to hook the unit to 
a transmission line. However, the follow-
ing precautions must be observed: the 
transmission line must be terminated by a 
resistive load that isdc coupled, and there 
must be no frequency-selective devices 
(coaxial baluns, matching stubs, etc.) 
anywhere in the line. Impedance varia-
tions and discontinuities should now be 
visible on the top of the pulse; figs. 7 ,8 , 

fig. 5. Rectangular pulse output from 
Schmitt trigger. Pulse rate, 1 MHz; 
sweep time, 0.2 usee per division. 
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fig. 6. Same pulse as in fig. 5 but 
with sweep time decreased so top 
of one pulse fills scope face. 



9 and 10 show examples of what to look 
for. 

The scope display in fig. 7 shows the 
effect of increasing the impedance of the 
line. This trace shows a length of 50-ohm 

fig. 9. Transmission-line display. F r o m left to 
right: 68-feet 50 -ohm R G - 8 / U , 25-feet 93 -ohm 
RG-62/U, 5-feet 50-ohm RG-S8/U, 100-ohm 
termination. Because of scope's bandwidth 
l imitation, the 5- foot section of 50 -ohm line 
did not get down completely to the 50 -ohm 
level. 

line (RG-8/U) connected to a length of 
93-ohm line (RG-62/U) followed by a 
100-ohm termination. The step in the 
trace occurs at the connection point 
between the 50- and 93-ohm lines. The 
termination is at approximately the 
center of the screen; the right half of the 
trace contains no information. 

In fig. 8 you can see another example 
of impedance increase. In this case three 
sections of coaxial line were connected 
together: a 50-ohm section followed by a 
93-ohm section followed by another 
50-ohm section and a 51-ohm resistor 
termination. The bump in the trace corre-
sponds to the short section of 93-ohm 
line. 

Fig. 9 shows a 50-ohm line connected 
to a 93-ohm line, followed by a short 
5-foot section of 50-ohm line and a 
100-ohm termination. The first step in 
the trace is the input to the 93-ohm coax. 
The dip to the right of the step indicates 
the location of the short section of 
50-ohm line. Because of bandwidth 
limitations imposed by the oscilloscope, 
the pulse reflection from the 5-foot 

section of 50-ohm line did get down 
completely to the 50-ohm level. 

In fig. 10 you can see the effect of a 
discontinuity in the transmission line. In 
this case 130-feet of 50-ohm coax was 
terminated with a 50-ohm dummy load. 
The discontinuity, a 24-pF capacitor 
shunted across the line, is indicated by 
the bump in the trace. The capacitor is 
70-feet f rom the input. In this display the 
vertical gain of the scope was increased to 
make it easier to see the discontinuity. 
Note that overshoot at the beginning of 
the trace is now objectionable. 

limitations 

Since the output pulse has frequency 
components to 30 MHz or beyond, but 
no higher than 100 MHz, this low-cost 
system cannot be used for waveguide, 
Goubau-line or other transmission lines 
that have a low-frequency cutoff point. 
Although the system described here is 
designed for coaxial transmission lines 

fig. 10. 130-feet of 50-ohm transmission line 
w i th 50 -ohm terminat ion. Discontinuity (24 pF 
shunted across line) at end of 70 feet. Vertical 
gain was increased to make the discontinuity 
more visible; note that overshoot is now ob-
jectionable. 

there is no reason why a similar system 
with balanced output could not be de-
signed for open wire line and twisted pair. 
This system provides tangible answers to 
questions that have previously been 
guessed at, and provides visible goals in 
otherwise hit-or-miss situations. 

ham radio 
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homemade 
tilt-over 
antenna tower 

Construction details 
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Many hams would like to have a good 
tilt-over antenna tower for as little money 
as possible. This was my wish also, but I 
didn't do anything about it until a good 
friend, WA3AHM, started needling me 
about building one. This article describes 
the result of my answer to this chal-
lenge — a 70-foot tilt-over tower for only 
$44.62 in material costs. I used material 
purchased from local junk dealers for all 
structural members except the 3/8-inch 
round-rod diagonal trusses (fig. 1), which 
were donated by friends. If purchased, 
the 3/8-inch round rod would come to 
about $15.00 extra — still a pretty good 
bargain when you consider the cost of a 
commercially built tower of this type. 
Accessories such as gears, l ift motor, 
cables, and tilt-over winch are additional 
expense items, of course. 
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construction 
This article is presented with the 

assumption that you've had some welding 
experience. If you haven't and wish to 

experience that should help if you've 
never undertaken a project such as this. 
The main point to bear in mind is that 
the verticality of the finished structure 
will depend on how accurately you 

3 - « PLATE (3 WO) i-M plATC (3 «qo)7 

S-IH OIAU TUBING 
APPROX 20 FT U3NG 

fig. 1. The 70-foot tower in the tilt-over configuration. The tubing extension at too is adequate for a 
6-meter yagi antenna; other antennas will require extensions using different tubing sizes and lengths. 

build the tower, you can have the entire 
assembly welded professionally and still 
come out ahead of the current market 
price for a tower of this size.* 

I've included some hints based on my 

Clean lines and true verticality result from 
careful jig measurement and prealignment 
before welding and placement in concrete 
base. 

measure the templates and the care with 
which the parts are positioned during 
welding. A small shift in alignment during 
assembly will be magnified many times in 
the completed tower. 

templates 
My reply to WA3AHM's challenge 

about building a triangular tower was, 
"You can't keep the triangular elements 

table 1. List of materials for the homebrew 
tilt-over tower. All material is soft iron. 

quantity description size 

1 round 3 / 4 " x 25" 
2 angle 3" x 4 " x 8' 6" 
1 angle 3" x 4 " x 6' 8" 
8 angle 2" x 2" x 27" 

66 round 3 / 8 " x 23" 
66 round 3 / 8 " x 22" 
66 round 3 /8" x 21" 
10 square tube 1" x 20' 
18 plate 1/16" or 1/8" thick 

x 3" wide; approx. 
19" long 

*An estimate for the complete welding job, 
based on precut and accurately dimensioned 
parts, is about $50.00 for labor and welding 
materials. With some energetic bargaining, this 
cost could be reduced, editor. 
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aligned during construction." Then I 
came up with the idea of making three 
jigs, or templates, from one 4 x 8 sheet of 
5/8-inch-thick plywood. The detail of the 
jigs is shown in fig. 2. 

After laying out one piece of wood in 
the hexagonal shape shown, I made two 
more and nailed all three pieces together. 
Three circles were inscribed on the top 
piece, then each circle was divided into 
six equal parts using a large pair of 
dividers. 

Next, one-inch squares were laid off at 
each corner of the three triangles. These 
were drilled with a %-inch bit and shaped 
into square holes with a saber saw. (These 
holes will accept the main longitudinal 
members, which are 1-inch-square lengths 
of tubing. See table 1 and fig. 1.) The 
1-inch-square holes should allow the 
tubing to slide through the wood easily, 
but with a slight amount of drag. It might 
be necessary to stagger the holes slightly 
in the center piece to provide solid 
support for the tubing in the jigs. 

setup 
The jigs were separated and numbered 

1, 2, 3 in relation to the way they had 
been nailed together. The 1-inch tubing 

was then placed through the holes in jig 2 
and allowed to extend about six feet 
beyond the end of the jig. Jig 1 was 
placed just over the end of the six-foot 
protrusion of the tubing, and jig 3 was 
placed over the far end of the tubing. It is 
important that the number of all jigs face 

fig. 2. Geometry of templates used for posi-
tioning tower elements during welding. J igs are 
made from a single sheet of 4 x 8 , 5/8-inch 
plywood. 

Details of the tilt-over stub and boat-winch. 
in the same direction. Otherwise accumu-
lative alignment errors will creep in, 
which will affect the verticality of the 
final structure. (You don't want the 
neighbors to think you're a CBer!) 

Choose a level spot on which to set the 
jigs and tubing. You'll need some wooden 
wedges to level the jigs. Place a string over 
the tops of jigs 1 and 3, and adjust jig 2 
for level if necessary. Then run the string 
along the corner of the jigs to make sure 
there is no side twist in the assembly. 

welding 
The 3-inch plates were welded around 

the triangle at jig 1 first. Then the 
3/8-inch round rods were placed zigzag 
fashion up the side of the triangle and 
tack welded. This procedure was repeated 
on all three sides of the tower section, up 
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to movable jig 2. 
A problem in welding a structure of 

this type is positioning the diagonal truss 
members and keeping them in place while 
welding. I used a magnet salvaged from 
the yoke of an old TV set to hold the 
pieces in place during the tack welding. 

Electromechanical elements for rais-
ing and lowering the tower. A 1/3-HP 
motor and 40:1 gear train are used. 

tilt-over stub 
This part of the assembly was built 

from 3 x 4-inch angles (longitudinal 
pieces) and 2 x 2-inch angle trusses. The 
tilt-over stub is triangular and mounted in 
a concrete base. Use extra care here to 
obtain an absolutely vertical structure. 
Make several measurements, then recheck 

each before the concrete is poured. This 
work is extremely important if the tower 
is to be vertically true. 

A length of %-inch round rod com-
pletes the assembly as a pivot piece for 
the tilt-over stub. 

accessories 
The lifting and lowering mechanism 

consists of a 1/3-HP electric motor and a 
40:1 worm-and-gear arrangement. The 
tower is tilted by a 5:1-ratio boat winch 
and pulley assembly. The cables for the 
entire tower are 1/4-inch galvanized 
stock. 

acknowledgment 
Several amateurs in this area have used 

these jigs to build similar towers. I'd like 
to thank all who have contributed in-
formation for this article. 
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Each diagonal truss was bent slightly 
(approximately Va-inch radius) before 
welding. This enhances the appearance of 
the structure. 

The next step, after tack welding the 
diagonal members, was to move jig 2 
approximately six feet and recheck for 
level and twist. The tack welding was 
continued until jig 2 was against jig 3. 
Then jig 3 was removed, and jig 2 was left 
in place. The 3-inch plate was welded 
around this end of the triangle. Next, 
both jigs were removed, and the 3/8-inch 
round rods were welded permanently. 
This completed one section of the tower; 
the other two sections were constructed 
similarly. Three-inch-long pieces of 
%-inch angle were then welded at the 
corners of the sections to act as guides 
when the sections are raised and lowered. 

Top of tower construction. 
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the double 
bi-square array 

I 
The ressurection § 

of an old classic 

that provides 

high performance on the 

high-frequency bands 

The bi-square antenna was originally de-
scribed in the April, 1938 issue of 
RADIO magazine by Woody Smith, then 
W6BCX and editor of the magazine. I was 
working for the magazine at the time arid 
thought I would build one some day. 
Now I have, more than 31 years later! 

The original configuration with one 
point downward is necessary for the 
single pole mounting, but the same an-
tenna is shown in W6SAI's "Quad Hand-
book," with one side parallel to the earth 
as used in the conventional quad arrange-
ment. This is called the XQ antenna, 
meaning Expanded Quad. 

The bi-square array, a derivation of the 
Lazy-H, has a broadside gain of about 5 dB 
with a bi-directional pattern. It is twice 
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the size of the conventional quad 
element, as each side is a half-wave long. 
This means that it is hardly practical to 
rotate except on 10 meters. On that band 
some have been built with a reflector or 
director with a resultant unidirectional 
pattern and gain of around 9 dB. KV4AD 
has had a big signal on 10 meters with a 
variation of this rotatable arrangement. 

A 10- and 15-meter pair of bi-square 
arrays may be mounted concentrically; 
with another similar pair mounted at 
right angles. Instant switching of direction 
and frequency may be accomplished at 
the operating position as shown in fig. 2. 

construction 
The dimensions of the bi-square array 

are not too critical as the simple matching 
method shown here resonates the antenna 
sufficiently when tuned for minimum 
swr. Each side of the 10-meter array is 
about 1616 feet long, and each side of the 
15-meter array is about 22/4 feet long. 
The open-ended stubs are 81/2 feet long 
for 10 and 1 Vh feet long for 15. 

This is not a high-powered antenna as 
shown here. The plastic insulators are 
unavoidably at points of high rf voltage 
and RG-58/U coaxial feed line is used for 
convenience. This is satisfactory in my 
case since the longest feed line is less than 
20 feet, and the maximum power is that 
attained by a 500-watt PEP (input) trans-
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ceiver. High powered operation will call 
for better insulation and RG-8/U 
feedline. 

The whole system is hung on a light-
weight wood pole consisting of a pair of 
12-foot 2X4s spaced with blocks of 2X4 
as a fixed base unit. A 2X3 is butt-spliced 
to a 2X2 top section. The bottom of the 

antennas at the plotted distance down the 
pole. 

The pulleys are small aluminum types 
with nylon rollers, with eyebolts you put 
on and enough bolt length to go through 
the pole. The nylon line is a utility type 
that comes in 100-foot hanks and has a 
diameter of slightly less than 3/16 inch. 

fig. 1. Bi-square array for 10 and 15 meters for one bi-direction. F o r doubled directional coverage a 
similar array is hung on the same pole at right angles. 

2X3 is inserted between the 2X4s and 
fastened with two bolts. With one bolt in 
to act as a hinge, the whole upper part is 
pushed up, and the second bolt put in to 
secure the mounting. 

Four nylon lines, about 2/3 up the 
pole will suffice for guys during installa-
tion. After the arrays are in place they 
will serve as the final guying. 

It is a good idea to make a scale 
drawing of the antenna to locate the 
placement of pulleys for symmetrical 
rigging. Those for the 15-meter antennas 
at the top should be offset a few inches 
vertically and on adjacent sides of the 
pole to avoid entanglement. The same 
applies to the pulleys for the 10-meter 

The top 15-meter antenna goes up first, 
the sides are pulled out, the bottom 
placed, and the whole thing pulled snug. 
The others follow in the logical order. 

(The drawings in the antenna books 
always show perfect squares with side 
guys going out to an invisible fence or 
ground stake. However, with my 50 foot 
wide lot the best I could achieve with 
fences was a skinny diamond. Some 
20-foot sections of tv mast squared up 
the arrays.) 

Now the stubs may be installed, 
straight out and tight, trying to keep the 
4 stubs as close to 90 degrees from each 
other as possible. Install the coaxial feed-
lines and tune up. 
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tuning 
Tuning up is simplicity itself. Slide the 

coaxial line connector to the point of 

simple bazooka quarter-wave sleeves on 
two of the antennas, but as no difference 
was noted, good or bad, I just left them 
on. 

N W - S E 

fig. 2. The full array. This 
is four separate antennas; 
any single one may be used 
since there is no depend-
ence on any of the others. 

N E - S W 

minimum swr near the center of the band 
and that's it. This will hold pretty well 
over the whole band with acceptable swr 
since this is a fairly low-Q antenna. 

Further sophistication may appeal to 
some, such as resonating the whole an-
tenna with a shorting bar and then 
finding the spot for attachment of the 
feedline, perhaps with some type of 
balun. After several months use I put 

B A R E W I R E S S P A C E D TO M A T C H 
F - F ON A N T E N N A 

S T U B , P L U S F E W I N C H E S 
A T C E N T E R F R E Q U E N C Y 

W A T E R P R O O F E N D 
O F C A B L E 

FAHHSTOCK C L I P S O N 
P L A S T I C I N S U L A T O R 

R G 5 8 / U TO S W I T C H 

P L A S T I C I N S U L A T O R 

P U L L T A U T TO 
A N C H O R P O I N T DO A«I!NC - w i n 

fig. 3. The movable feed point. After position-
ing the clips may be soldered to the wire and 
the whole thing covered with a waterproof 
cover. 

performance 
After a year's use a pretty good evalua-

tion of the antenna is possible. The 
instant switching of directions is inter-
esting as it often shows a 5 or 6 S-unit 
difference between the antennas, both 
locally and distant. The 10-meter an-
tennas show more discrimination than the 
15, probably due to better electrical 
spacing above ground. The exact center 
between beam paths doesn't seem too 
lively, but that may be due to areas of 
lesser ham activity, as I have received 
some good reports along those paths from 
Antarctica, South Africa and VK9. 

My particular setup of SW-NE, 
through New Zealand and Spain, and 
NW-SE, through Japan and Argentina, 
seems to favor those areas. 

A good long-term check on this an-
tenna has been possible through almost 
daily contacts over the past year with 
ZL3LE on 10 meters, and with ZL3KA 
on 15 meters through all sorts of condi-
tions. Both Bill and Jack agree that I am 
competitive with any of the W6s except 
for certain well known big antenna opera-
tors, and they of course are also running 
2 kW PEP which helps a bit. 

ham radio 
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uhf 
transmission 

lines 
For maximum performance 

on 432 MHz and above 

you must select 

low-loss transmission lines — 

here are some 

of the types most suitable 

Most discussions of transmission line for 
amateur radio seem to describe the vari-
ous types available, leaving the ultimate 
choice to individual decision. While this 
may be a satisfactory approach for the 
high-frequency bands, and possibly vhf, 
at uhf (432 MHz and above) the choice is 
narrowed down to a very few types. 
Nominal losses inherent in the chosen 
transmission line plus impedance mis-
match bring total losses to a point which 
is completely unacceptable. 

Assuming a reasonably good test 
setup, let's consider the example of a 
1296-MHz antenna with an unknown 
mismatch (ordinarily considered accept-
able at high frequencies). The antenna is 
fed wi th 80 feet of good quality RG-8/U 
line. When 60 watts are fed into the line 
at the transmitter, a reflected power of 1 
watt is indicated at the transmitter 
(which would appear to be a fair ly 
acceptable vswr). 
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Now let's see what we actually have. 
Eighty feet of RG-8/U has 8-dB line loss 
at 1296 MHz. With this loss 9.6 watts of 
power arrives at the antenna. Remember 
that we measured 1 watt reflected. This 
means that the actual power reflected 
f rom the antenna was 6 watts. Therefore, 
the actual power radiated by the antenna 
is the difference between the power that 
arrived and the power that is reflected. 
Since 9.6 watts arrived, w i th 6 watts 
reflected, the effective radiated power is 
3.6 watts. Clearly this is unacceptable. 

The solution to this problem lies in as 
nearly perfect matching of the trans-
mission line to the antenna as possible 
and the use of low loss line. 

Table 1 shows some of the lines that 
may be used at uhf. If in the previous 
example we had matched the trans-
mission line to the antenna, used a line 
which had a nominal loss of 3 dB and 
measured one-half watt of reflected 
power we could have the following: 60 
watts at the transmitter, 3-dB line loss 
(30 watts at the antenna) and 1/z watt 
reflected power (1 watt is reflected back 
at the antenna). 

Thi r ty watts minus 1 watt equals 29 
watts effective radiated power, an eight-
fold increase compared to the previous 
example. A l l wi th the same transmitter. 
The cost of the transmission line would 
be far less than the cost of quadrupling 
transmitter power. Moreover, the equiva-
lent gain would be obtained at the re-
ceiver since an antenna system is recipro-
cal on receive and transmit. 

From the standpoint of nominal loss 
the poorest line that should be used at 
these frequencies is equivalent to good 
quality RG-17/U. Remember that poorly 
made line may have impedance bumps 
due to variations in concentricity, dialec-
t i c quality and braid characteristics. 
Quality is important. 

A solid center conductor is manda-
tory. Of course, coaxial f itt ings should be 
those made for the line. 

Manufacturer's specifications regarding 
minimum bending radii should be care-
ful ly followed since distort ion of the 
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table 1. Losses for coaxial transmission lines suitable for amateur use. R G - 8 / U is included to show 
how poor it is in comparison wi th other types. 

attenuation 
per 100 feet power 

(dB) loss 
type O. D. shield jacket* 432 MHz 1296 MHz 11296) 
R G - 8 A / U 0 .405 single (bra id ) PVC-2 7 12 93.7% 
R G - 9 / U 0 . 4 2 0 2 (b ra id ) PVC-2 7 12 93 .7% 
( R G - 2 1 4 / U ) 
R G - 1 4 / U 0 . 5 4 5 2 (b ra id ) PVC-2 3.8 7 80% 
R G - 1 7 A / U 0 .870 1 (bra id) PVC-2 2.4 4.5 6 7 % 
( R G - 2 1 8 / U ) 
R G - 1 9 / U 1 .120 1 (b ra id ) PVC-2 1.8 3.6 55% 
R G - 2 3 1 / U 0 . 5 0 0 a l u m t u b e none 2.1 3.5 55% 
R G - 3 3 1 / U 0 . 5 0 0 a l u m t u b e PE 2 .1 3.5 54% 
R G - 3 6 0 / U 0 . 7 5 0 a l u m t u b e PE 1.7 3.0 50% 
R G - 3 3 2 / U 0 .875 a l u m tube none 1.4 2.5 4 2 % 
R G - 3 3 3 / U 0 . 8 7 5 a l u m t u b e PE 1.4 2.5 4 2 % 

* PVC-2 ind icates n o n - c o n t a m i n a t i n g p o l y v i n y l ch l o r i de ; PVC-1 , c o n t a m i n a t i n g p o l y v i n y l ch lo r i de is 
f o u n d o n regular R G - 8 / U and shou ld no t be used. PE is p o l y e t h y l e n e . 

transmission line can cause serious im-
pedance disturbances at 1296 MHz. Spec-
ifications should also be adhered to re-
garding burial of lines. It should be 
realized that plastic is permeable to water 
vapor at varying rates; pinholes in the 
plastic covering are nearly unavoidable in 
manufacture. 

Some of the gas-filled lines have excel-
lent nominal loss characteristics but un-
less some means of pressurizing is avail-
able stay away from them since moisture 
inevitably gets in and destroys the low-
loss characteristics. Unless pressurization 
is available stick with foam-filled lines. 

Twinlead is often recommended for 
uhf because of its nominal low-loss char-
acteristics, but in actual use it is quite 
undesirable since it requires great care in 
dressing, insulation from surrounding 
structures and the strict avoidance of 
sharp bends. In addition, line radiation is 
a problem, as is impedance matching. 
When it rains the line becomes practically 
useless. My advice is to forget it. 

It should be mentioned that the short 
piece of flexible line around the rotator 
often represents a fairly large proportion 
of the total line loss in a good system. 
Use the best you can get such as double-
braided RG-9/U or better yet, RG-14/U 
or Times FM8. Remember that 7 feet of 
RG-8/U around the rotator represents 0.7 
dB or nearly 10% power loss. 

Of course, waveguide has excellent 
characteristics at these frequencies and 
makes excellent low-loss line. However, 
the same problems of pressurization 
occur as in air-supported coax although 
not to as great an extent. Also, problems 
at corners and bends and transformations 
to coaxial cable {for use with a rotator) 
present certain design problems. High 
cost is another factor which rules it out. 

In conclusion some mention should be 
made of the type of coaxial fittings you 
use. It goes without saying that they 
should be constant-impedance types. This 
automatically rules out the commonly 
used series-uhf fittings such as the 
PL-259. I strongly suggest that you stand-
ardize your uhf system to N-type fittings. 

N-type fittings are constant-impedance 
types and have the added advantage of 
being fairly weatherproof. In addition, 
the N-type connector's low-cost avail-
ibility on the surplus market makes it 
even more attractive. It is made in a wide 
variety of fittings so it can be used with 
almost any transmission line which you 
choose. Its characteristics at 1296 MHz 
are excellent, and it can carry a great deal 
of rf power without breaking down. 

It should be obvious from the above 
discussion and table 1 that under all 
conditions the transmission line should be 
as short as possible. 
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low-cost 
compact 
antennas 

for 20 meters 

A selection of 

simple antennas 

based on plastic-pipe booms 

and element supports 

for the 

antenna experimenter 
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AH compact antennas are compromises, 
whether they are dipoles, verticals or 
beams. For low swr they must be oper-
ated over rather narrow frequency ranges, 
and efficiency is not as great as with a 
full-sized antenna. However, by using 
elements at least 1/8-wave long, ineffici-
encies may be kept to a minimum. 

In the tripo/e antenna i have tried to 
overcome some of the disadvantages of 
miniature antennas by adding a third 
element as shown in fig. 1. Although this 
antenna looks like a ground plane at first 
glance, it is not; it consists of an in-
verted-vee dipole with a vertical element 
connected to one side. Performance of 
this arrangement has been excellent, and I 
have received good signal reports on both 
20 and 40 meters. 

The vertical support may be made 
from varnished bamboo or V2-inch plastic 
pipe. If you use plastic pipe, use plastic 
fittings to couple the sections of pipe 
together. The vertical element for the 
40-meter version (originally described in 
Florida Skip) is shown in fig. 1. The 
vertical element for the 20-meter tripole 
consists of a 16-foot, 6-inch section of 
number-14 wire taped to a 17-foot bam-
boo (or plastic) pole; the inverted-vee 
elements of the 20-meter version are 
16%-feet long. 

The vertical element and one of the 
inverted-vee elements are connected to 
the center of the coaxial feed line; the 
other inverted-vee element is connected 
to the outer braid of the coax. To tune 
the antenna, use a grid-dip meter to 
indicate resonance. In the 40-meter 
tripole the windings of loading induc-
tance L2 are expanded to increase 
frequency, and compressed to lower 
resonant frequency. 
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tripole beam 
Two compact tripole antennas may be 

combined into a beam as shown in fig. 2. 
Although this particular antenna was de-
signed for 20 meters, similar designs 
could be used on the other bands. The 
compactness is particularly useful for 
space-cramped amateurs who want to 
operate on 160, 80 and 40 meters. 

In the 20-meter tripole beam, the 
boom is a 1-inch square aluminum pipe, 
101-inches long. Each of the tripole 
elements are 8-feet, 8-inches long. Con-
struction is shown in fig. 2. Each of the 
elements is center loaded with coils 
wound on a 5-inch section of plastic PVC 
pipe 3/4-inch in diameter; f i l l the form 
with 4 turns number-18 plastic-insulated 
wire, spaced 1/16-inch. The two 48-inch 
aluminum tubing elements are held to-
gether with 12-inch lengths of 1/2-inch 
PVC pipe. 

Each aluminum element is pushed 2 
inches over the end of the center insula-
tor, leaving 46 inches of active element. 
The plastic coil form slides over the 
1-inch center insulator and is connected 
to the aluminum elements with short 
pigtails. (Note that all coils are wound in 
the same direction.) This movable coil 
form is used to tune the antenna to 
resonance by moving it to a different 

I/1TDIAM ALUM 
46' LONG (6 RiODi 

1 TURNS APPROX 

I TURN PER m, NO 18 

IB-FT VARNISHED BAMBOO POLE 
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LI 16 TURNS NO 16, SPACING 
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fig. 2. Tripole beam uses plastic-pipe and 
aluminum elements. All plastic elements 
shown in fig. 3 can also be used. 

fig. 1. Tripole antenna for 4 0 meters. 
Grid-dip the vertical element to 7250 
kHz. Adjust resonance with L2. 

position on the center insulator. 
Once each element has been resonated, 

the movable coil form is cemented to the 
center insulator. This is a rather high-Q 
antenna so one frequency setting wil l 
permit operation over 100 kHz of the 
20-meter band for swr less than 1.5:1. 

Each of the six tripole elements is held 
to the boom with plastic tee fittings, 
available at your local hardware store. 
When all the elements are in place on the 
boom, connect the base of the reflector 
elements together with a 4-turn coil of 
number-14 wire, V/i-inch in diameter, 
2-inches long. The radiator is fed with a 
%-wave matching transformer made from 
two sections of RG-58/U; the 50-ohm 
coaxial line from your transmitter is 
connected to the bottom of the matching 
transformer as shown in fig. 2. One center 
conductor of the matching section is 
connected to one of the horizontal 
elements; the other center conductor is 
attached to the vertical element and the 
remaining horizontal element. 
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plastic-pipe tripole beam 
The basic tripole system shown in fig. 2 

is easily, and less expensively, made with 
PVC-pipe supports and wire elements. 
For this simplified construction, use an 

long, may also be used for the boom. 
Each of the tripole elements is mounted 
on a plastic tee-fitting which is mounted 
to the boom. The three elements of the 
reflector are connected together with a 

CAPACITANCE 
HAT 

PVC X 
fFITTINC EACH COIL 41 TURNS 

fig. 4. X-bar antenna uses 
four elements of the type 
shown in fig. 3. This an-
tenna may be used hori-
zontally, as here, or verti-
cally. 

ELEMENTS 3 AND * SHORTEl 
ELEMENTS I AND Z FEO WITH 
QUARTER-WAVE TRANSFORMER 

8-foot, 8-inch length of plastic pipe for 
each element. The loading coil is wound 
on the outside of the tubing, and after 
tuning, is cemented in place. Drill a small 
hole in the pipe on each side of the coil, 
and connect the coil to 4-foot sections of 
wire inside the pipe as shown in fig. 3. 
Plug the ends of the pipe with wooden 
dowels to keep moisture out. 

Each of the loading coils consists of 30 
turns number-18 plastic-insulated wire on 
a 1-inch diameter form with a winding 

PLASTIC PVC P'Pf — ^ M M W i W 14 INSI°E 

iH:> — TiiiSiiSr -— ; 

' COIL WOUND 
ON OUTSIDE 

• WOOXN PLUS OF PIPE 

fig. 3. Plastic-pipe element consists of 
center loading coil and wire elements 
inside the pipe. 

length of 7 inches. This coil, with a 
capacitance hat made from two 12-inch 
lengths of number-14 wire, provides 
resonance on 20 meters. Tuning range of 
this all-plastic antenna is on the same 
order as the more conventional design 
shown in fig. 2. 

A section of plastic pipe, 101-inches 

coil and tuned 5% lower than the 
radiator. The radiator is fed in the same 
way as shown in fig. 2. The tripole 
elements may also be mounted to the 
boom with plastic X fittings so the 
elements are symmetrically spaced 270° 
apart. 

x-bar beam 
The X-bar beam antenna is an exten-

sion of the tripole beam that uses four 
compact elements instead of three. Ele-
ment construction is the same as that 
shown in fig. 3. The radiator and reflector 
each consist of four elements, attached to 
the 101-inch plastic boom with plastic 
cross fittings. The X-bar antenna is fed 
with a matching section as shown in fig. 
2. Performance is slightly improved over 
the three-element version. 

x-bar compact antenna 
The X-bar compact antenna shown in 

fig. 4 was developed as a result of 
experience with the X-bar beam. This 
antenna consists of four PVC pipe 
elements, and may be used either 
horizontally or vertically. I mounted one 
version of this antenna on a short tilt-over 
mast extension which could be lowered 
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for vertical polarization, and put up (like 
an umbrella) for horizontal operation. 
Under some skip conditions I found that 
switching from vertical to horizontal in-
creased signal strength. However, the swr 

fig. 5. Swr performance of an X-bar 
antenna using plastic and aluminum 
elements. 

wave wire elements as shown in fig. 6. 
This antenna is much more directional 
than a dipole, and provides much broader 
frequency coverage. The swr is less than 
1.5:1 for the entire 20-meter band. The 
matching transformer used with this an-
tenna is the same as that shown in fig. 1. 

antenna tinker kit 

After building the various antennas 
described so far it occurred to me that 
these same elements could be combined 
in any number of ways to provide useful 
antennas. The elements can be built in 
several ways, including the aluminum and 
plastic-pipe version in fig. 2 and the lower 
cost all-plastic-pipe version in fig. 3. 
There are several other ways of making 
elements, including wrapping the ends of 
the plastic pipe with aluminum foi l and 

changes from horizontal to vertical, wi th 
a slightly higher resonant frequency in 
the vertical position. 

Each of the elements in the X-bar 
antenna is the same as those shown in fig. 
3. For vertical operation the coils should 
be 30 turns; for horizontal operation, the 
coils should be 26 turns, number-18 
plastic-insulated wire. With a horizontal 
mounting the quarter-wave matching 
transformer was made with 75-ohm 
RG-59/U; swr was nearly flat for 50-kHz 
each side of resonance, with an swr of 
1.3:1 for a total frequency range of 150 
kHz. 

The X-bar antenna can also be built 
with the plastic and aluminum elements 
shown in fig. 2. The swr performance of 
the aluminum X-bar antenna with capaci-
tance hats is shown in fig. 5. These 
measurements were made with the an-
tenna 9-feet off the ground. For tuning it 
is much easier to prune the capacitance 
hats than to adjust the loading coils. The 
capacitance hats on elements 1 and 2 are 
12-inches long; the element hats on 
elements 3 and 4 are 6-inches long. 

For better swr performance two 
elements of the vertical X-bar antenna 
can be combined with full-size quarter-

fig. 6. Improved performance is provided by 
two compact elements with two full-sized 
quarter-wave wire elements. Elements 1 and 2 
connected to 1/4-wave transformer; elements 3 
and 4 connected to shield. 

doing away with the internal wire 
elements. To connect the loading coils to 
the aluminum foil, arrange the pigtails in 
the form of a sine wave and place them 
on top of the first layer of foil; put 
another layer of foil over the pigtails and 
tape it in place. 
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Another method of making elements is 
shown in fig. 7. In this element holes are 
drilled along the length of the plastic pipe 
and aluminum ground wire is woven in 
and out of the pipe as shown in the 
drawing. Each section of wire is 7-feet 
long. With this arrangement the loading 
coil is smaller; about ten turns around the 
Vz-inch pipe is about right for 20 meters. 

Although these elements are shown 
without capacitance hats, hats can be 
used. I have used the wire hats shown in 

ventional beams, ground planes, and 
various phased arrangements. Because of 
their low cost and ease of construction, 
this type of element is ideal for the 

f i g . 8. Capacitance hat 
made with a loop of wire. 
Resonance is adjusted by 
changing the length of the 
loop. 

LOOP NO 16 WIRE 
zv tone 

m n ^ « ^ ^ (iimsi'C ^—A rt n a 

fig. 7. Another method of making 
low-cost antenna elements. 

fig. 2. as well as the loops shown in fig. 8. 
The loops in fig. 8 are made from a 
22-inch piece of number 16 wire. The 
antenna element is tuned by changing the 
length of the loop. With the capacitance 
loop, the center loading coil consists of 
42 turns number-18 plastic-insulated wire 
for resonance on 20 meters. 

These compact elements may be ar-
ranged in many different configurations, 
including horizontal and vertical dipoles, 
inverted vees, upside-down inverted vees, 
X-bars, X-bar beams, tripole beams, con-

"Dcd a man come up here to complain 
about radio interference two hours ago? " 

antenna experimenter who wants to try 
different types of antennas. 

tuning 

To tune each of the compact elements 
you need a grid-dip meter and a full-sized 
half-wave dipole about 5-feet off the 
ground. First, grid-dip and dipole and ad-
just it for the frequency at which you 
want to operate. Mark the point on the 
grid-dipper dial. For best accuracy use a 
communications receiver to check the cali-
bration of the grid-dip meter. Use a 2-turn 
link to couple the grid-dip meter to the 
dipole. 

Now connect the compact element to 
one side of the dipole and prune the 
capacitance hat (or adjust the loading 
coil) until the system resonates at the 
same frequency as the dipole did by 
itself. Resonate the rest of the elements 
one at a time with the same system. 

To tune the coils you can temporarily 
connect a 50-pF trimmer capacitor across 
the loading coil of an element that has 
been previously resonated with the wire 
dipole. Without disturbing the trimmer or 
the grid-dip meter, connect the trimmer 
across the loading coils of the other 
elements and adjust the coils for the same 
resonant point on the grid dipper. This 
way you know the coils in all the 
elements have the same inductance. 

For best results use white PVC pipe 
instead of black. The white reflects the 
rays of the sun and holds up much better 
in the weather. 

ham radio 
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type-F 
coaxial-cable 

fittings 

The case for 

75-ohm 

transmission line 

in amateur applications 

The type-F coaxial connector has been 
the standard f i t t ing of the Community 
Antenna Television (CATV) industry for 
several years. Exactly why hams haven't 
adopted these low-cost, high-performance 
coax fittings is not clear. I personally 
believe it's because of a general lack of 
awareness of their adaptability to 
amateur use. 

The F fittings are available for 75-ohm 
cable only. In many cases, 75-ohm cable 
is preferable to 50-ohm cable for at least 
three reasons: 

1. The impedance is more adaptable to 
the popular ham antennas (an exact 
4:1 impedance ratio for 300-ohm 
folded dipoles using a balun feed, or 
1:1 for a center-fed dipole or coaxial 
vertical). 

2. Less attenuation is offered by 75-
Q ohm cable than in an equivalent size 

and length of 50-ohm cable (an impor-
^ tant consideration at the higher ama-
o teur frequencies), c 
j j 3.75-ohm cable is widely used in CATV 
^ and many home TV installations, 
g5 making it economical and readily 
V) available. 
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advantages of F fittings 
Advantages of F fittings are derived 

from their very reason for being de-
veloped. Cable television required a 
fitting with good rf characteristics 
throughout the uhf range, ease of installa-
tion, and economy. Before the develop-
ment of the F fitting, connectors in 
general use were the automobile type, 
uhf, type N, and type BNC; each with its 
limitations. 

The auto-type connector has obvious 
high-frequency and mechanical limita-
tions. The uhf connector, still used by 
many hams, is rugged but bulky. Great 
care must be taken during assembly, 
particularly when soldering the coax 
braid to the connector shell. The fre-
quency limitations of the uhf connector 
are well known despite its name. Many 
years ago, when it was first developed, 
the term "uhf " meant the region around 
200 MHz. 

Type-N and B N C connectors have 
fairly good high-frequency characteristics 
and are waterproof, but cost is high. 
These cable fittings consist of several 
intricate parts that must be carefully 
assembled to the cable. The parts include 
a center pin, shell, sealing washer, ferrule, 
braid compression ferrule, and clamp nut. 
Assembly or salvage of these fittings is 

mandrel permanently attached to a swivel 
nut, with an integral cable-clamping fer-
rule attached. The cable is stripped and 
pressed into the fitting, and the ferrule is 
compressed onto the cable. The center 
conductor becomes the center matching 
pin; and the connector, instead of the 
braid, becomes the outer conductor. 

With this design there is negligible 
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fig. 1. Available type-F connectors 
and accessories (items are identified 
in table 1). 

Blonder-Tongue coax connectors BTU-590, 
BTF-590, BTU-591 and BTF 591 (from left 
to right). 

difficult and must be done with great 
care. 

the F connector 
A typical type-F cable fitting, such as 

the F-59A, consists merely of a short 

impedance discontinuity, even through 
1000 MHz. This is because near-identical 
physical relationships exist between the 
cable outer braid and inner conductor, 
and a second dielectric hasn't been intro-
duced to affect the impedance of the 
assembly. Internally, the connector is 
merely a physical continuation of the 
cable; so a near-perfect transition exists. 

A variety of fittings is available (fig. 1 
and table 1). Chassis jacks are also avail-
able, as are quick-disconnects and splices. 
All are available for RG-6/U, RG-11/U, 
and RG-59/U cable. In addition manu-
facturers supply switches, variable attenu-
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table 1. Type-F fittings arid accessories 

sketch 
(fig. 1) 

description Jerrold 

Type-F Cable Fittings for R G - 5 9 / U 

Swivel type, male; uses center 
conduc tor of cable fo r center p in ; F-59 
mates w i t h any F - t ype jack 

Cable c r imp ing fer ru le f o r above 1051 
connectors 

Blonder Channel Winegard JFD 
Tongue Master 

BTF-591 

HR-59 

F-59 

F-59 

C-7106 

C-7113 

C Simi lar t o A w i t h bui( t -on ferru le 

D Waterproof male connector 

Type-F Cable Fittings for R G - l l / U 

E Swivel type, male; uses center 
conduc to r of cable fo r center p in 

F-59 A 7194 

BTU-592 

BTF-110 F - l l C-7109 

Swivel t ype , male; has i ts o w n 
center p in A F - 1 0 1 7196 

H 

Cable c r imp ing ferru le f o r above 

connectors 1059 HR-11 

Weather Boot 
Waterproof weather boo t f o r al l 

RG-59 /U and R G - l l / U f i t t ings WB-56 — 

Type-F Push-on Quick Disconnect Cable Fittings 

Connector uses center conduc to r of 
cable fo r center p in ; const ructed fo r — BTF-59P 
direct insert ion of cable 

7197 

F - l l C-7114 

C-7116 

K 

M 

N 

GF-81 7195 

A D - 3 

Connector uses its o w n center p in; 
requires add i t iona l a t tachment to F -91 QDP 
F- type f i t t i ng on cable 

Adapters 

Double female coup l ing adapter; 
couples t w o male F- type connectors F - 8 1 A 
together 

Doub le male coupl ing adapter; couples 
t w o female F - t ype connectors together F -71 

Chassis Panel Fittings 

Female chassis connector ; has t w o 
rivet or screw holes fo r m o u n t i n g — BTF-100 

Female chassis connector ; 3 /8 in. dia. 
m o u n t i n g hole w i t h nut F -61A — 

Crimping Tools 

Heavy du t y , con t inuous parallel jaw 

chuck for RG-59 /U and R G - l l / U PL-602 -

Economy type , scissors-jaw pliers PL-659 CR-2 

7193 

7188 

FP-59 

F81-M C-7108 

C-7110 

C-7105 

CR-1 
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ators, and other devices usable by 
hams — all adaptable to type-F fittings. 

weatherproofing 
A weatherproof connection is only re-

quired outdoors, so the extra cost of a 
weatherproof fitting such as the type-N 
isn't justified for indoor use. Some manu-
facturers supply a rubber or plastic boot 
for F fittings used outdoors; however, 
alternate weatherproof ing methods can be 
used. 

I've found that adequate weather-
proofing is assured by tightly wrapping 
the connectors and an inch of the cable 
with electrician's tape. Only a quality 
brand of PVC plastic electrical tape 
should be used; inferior imported or 
off-brands must be avoided. 

The tape must be applied to a clean, 
dry surface. The tape will not stick 
properly in cold weather. In cold weather 
a silicone-filled boot is the best answer. 

power-handling capability 
The type-F fitting was designed for 

CATV/MATV without transmitting in 
mind. The type-F fitting will not degrade 
the rf-power rating, since spacings and 
dielectrics are the same as the cable. With 
certain chassis and adapter fittings, the 
spacings and dielectrics may differ since 
they are not made with cable. A derating 
of 50% of the maximum power rating for 
the cable should be adequate if you don't 
like to experiment. 

For ac/dc current ratings, manu-
facturers of CATV/MATV equipment 
don't generally allow a type-F fitting to 
handle much over 1% amperes. The ex-
perimenter will find that he will have no 
problem running higher currents, some-
times as high as 6 amperes. 

salvaging used fittings 
Type-F connectors can be salvaged 

without damage. Simply cut away the old 
ferrule with diagonal pliers and reassem-
ble using a new ferrule. If a new ferrule is 
unavailable, a suitable one can be made 
from a piece of copper tubing. 

assembly tools 
With a little care an F fitting can be 

assembled with a pair of household pliers. 
For a good crimp, a crimping tool is 
suggested. This tool crimps the ferrule 
neatly in two places with less danger of 
splitting the ferrule. Heavy-duty and 
light-duty types are available. The parallel 
jaw tool is also very handy for miscel-
laneous jobs around the shack; for 
example, as a hand-vise or for straighten-
ing parts. A crimping tool is worth the 
extra cost if much crimping is done. 

conclusion 
It is my observation that many hams 

who are also involved in CATV/MATV 
work find many uses for type-F fittings. 
Most of my test equipment and ham gear 
has been converted to type-F fittings. 
Standardizing on this one fitting saves a 
lot of time and trouble hunting up 
various adapters and different cables. 
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techniques 
ed noli, W3FQJ 

anti-QRM methods 

Take note of your specific QRM prob-
lems today. Condemnations and groans 
are no help. Furthermore, QRM is likely 
to become more severe over the next 
several years. The short-skip, long-skip 
combination will prevail on 15 and 20 
meters with long-skip signals diminishing 
and becoming more vulnerable to short-
skip QRM. Twenty meters will fill to the 
brim as DX conditions fail on 10 and 15. 

There will be a steady migration of 
DXers to the low-frequency bands. Ham 
population wilt increase, perhaps at a 
much faster rate outside of the United 
States. Night conditions on 40 and 80 will 
be as trying as ever; even 160 meters is 
bound to experience crowding. Is it a 
hopeless situation? It doesn't have to be! 

In addition to those important essen-
tials of gentlemanly operating practice 
and using no more power than necessary 
to maintain proper communications, each 
of us can take a number of steps to 
alleviate the severe QRM problem. Some 
are operational; others, technical. 

operational considerations 

There are a number of things we can 
do that will encourage all-band occu-
pancy and the efficient and effective use 
of each band. 

1. Use vhf for local rag-chewing and 
some of the more localized net activi-
ties. 

2. Press for the legal restoration of the 
entire 160-meter band. 

3. Do not give up so easily on the DX 
possibilities for 10 and 15 during 
minimum sunspot. Look for some new 
breakthroughs. Transequatorial 
(north-south) T E propagation1 byway 
of chordal hops is a possibility for 6, 
10 and 15 meters. Perhaps special 
emphasis should be given to 10 meters 
during the upcoming sunspot mini-
mum. Massive cooperation among 
North, Central and South American 
hams could well uncover some unusual 
possibilities. 

4. Continue with experimentation on 
unusual propagation paths on vhf/uhf, 
10- and 15-meter bands. Are there any 
steps that can be taken through IARU 
that could implement satellite tests by 
radio hams worldwide? 

5. In the USA we might set aside 
some spot frequencies to be retained 
by gentlemanly agreement for special 
technical activities. Such would be a 
boon to QRP experimentation, slow-
scan television, low-frequency DX 
propagation tests and others. 

The above activities and others as well 
would spread amateur activities more 
uniformly among the various bands and 
would make a major contribution toward 
QRM reduction on overcrowded fre-
quencies. 
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There are technical steps that each of 
us can take to minimize or eliminate 
some of our own QRM problems. 

1. Use a separate receiving antenna2 

or, perhaps a means of switching 
quickly among various antennas (in-
cluding the transmit antenna) to find 
the one that will minimize a given 
QRM situation. 

2. Use more directional antennas on 
40, 80 and 160 meters. A directional 

loop (circular or ferrite) has two deep 
nulls which can be used to tune out 
QRM. Sensitivity is often quite un-
important for routine operations on 
40, 80 and 160. 

6. Miniature receiving antennas such 
as the coil-loaded dipole or helix show 
great possibility for crowded strong-
signal conditions. 

7. The performance of loops and 
small antennas can be enhanced with 

receiving antenna is particularly help-
ful when QRM is bad. 

3. The 10/15/20-meter directional 
beams as we know them today may 
not be the ultimate answer, especially 
as receiving antennas, in the medium 
and low sunspot years. The back pick-
up can be quite substantial and this is 
often in the short-skip direction when 
communicating with a long-skip sta-
tion. The various phased arrays, al-
though their forward gain may not be 
as high, can be designed with back 
direction nulls. A receiving antenna 
with an adjustable null point would 
aid in tuning out a specific piece of 
QRM. 

4. There is a decade of amateur ex-
perimentation to be done on antennas 
with means of changing polarization 
and vertical angle to match propaga-
tion conditions of the moment. 

5. Rotating loops function well on 20, 
40, 80 and 160 meters for receiving. 
They may have some utility even on 
15 and 10. A well-balanced shielded 

the use of antenna-mounted preampli-
fiers, or preselectors positioned ahead 
of the receiver. 

8. Tuners, input attenuators and 
couplers often improve receiving sig-
nal-to-noise and signal-to-interference 
ratios. If your receiver is prone to 
intermodulation distortion a well de-
signed rf preamplifier and attenuator 
can cut back on splatter. 

the transceive antenna 
The antenna used for both transmit 

and receive modes is limited in its capabil-
ities for establishing optimum receive 
conditions. Emphasis is on the most 
efficient transfer of power to the antenna 
and maximum radiation in a given direc-
tion. Some means for switching receiver 
input to one or more additional antennas 
even of a very simple type is a boon in 
reducing QRM. This applies in general to 
all bands, even in some cases for DX 
reception. It is a particularly useful 
capability for 40, 80 and 160 meters. In 
fact, on 80 and 160 the DX enthusiasts 
use separate transmit and receive an-
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tennas to reduce QRM successfully. 
Switching between horizontally and ver-
tically polarized antennas is common 
practice on 160. Quite often on 80 
meters high horizontal transmit antennas 
are used afong with a vertical receiving 
antenna. In many installations of this 
type either antenna can also be used for 
transmit. 

Also popular are two phased verticals. 
3 ' 4 , 5 ' 6 ' 7 ' Usually a pattern switching 
facility is included. Verticals as effective 
transmit and receive antennas have not 
been fully exploited on the 10-, 15- and 
20-meter bands. A properly fed and 
matched array of verticals can result in a 
very pronounced drop in pickup and 
radiation from the back. The back sensi-
tivity of an antenna and lost power that is 
radiated to the rear are two causes of 
long-skip, short-skip QRM. 

Two quarter-wave verticals spaced 90° 
and fed 90°-related, result in the attrac-
tive cardioid pattern in fig. 1A. Two such 
90° pairs spaced 180°, fig. 1B, sharpen 
the forward pattern.3,4 A suitable 
switching arrangement permits easy pat-
tern changing whenever you want to 
enhance performance in another direc-
tion. Three verticals of this type spaced a 
quarter wavelength in a triangle permit 
complete rotation of the directional 
pattern (fig. 2). 

Of course, QRM can also arise from 
the same direction as the desired signal 

fig. 2. T h r e e vertical an-
tennas in a triangle ( A ) , 
o m n i d i r e c t i o n a l pattern 
< B > . 

with a short-skip station playing havoc 
with a long-skip signal. The big question 
is how much can be done to minimize 
this problem with a controlled vertical-
radiation pattern. 

separate receiving antenna 
In an era of high sensitivity receivers 

the separate receiving antenna provides an 
effective weapon for combating QRM. 
Even a low horizontal dipole (fig. 3), 
rotated by a low-cost tv rotator, is sur-
prisingly effective. You only have to aim 
the dipole elements in the direction of 
the interference to make use of its rather 
effective null. When receiving a reason-
able signal, even a DX one, the antenna 

can be turned away from the desired 
bearing and still deliver a useful signal to 
the input of a sensitive receiver. If your 
receiver lacks sensitivity use a preselector 
ahead of its antenna input. It is common 
experience that an S3 to S4 signal in the 
clear is easier to read than an S7 to S9 
signal clobbered by over-riding QRM. Full 
length dipoles can be used on 10, 15 or 

\ / 
1 z 

3 

' . V 
20 meters; for three-band operation use a 
dipole with loading coils. 

The quarter-wave vertical receiving 
antenna, loaded or full length, is popular 
on 40, 80 and 160 meters for DXing. 

o 
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S/8A 

fig. 4. The 5/8-wave 
vertical antenna. m 

Such a vertical is less sensitive to high-
angle signals with a consequent reduction 
in QRM. Two or three verticals provide 
directional horizontal patterns as well and 
a further reduction in QRM level. 

Phased receiving verticals, ground 
mounted with suitable ground planes, do 
well as receiving antennas for 10, 15 and 
20. Although a high beam may help you 
punch a stronger signal into a given 

TRANSMITTER 
MANY WAVELENGTHS LONG 

NON-INDUCTIVE 
TERMINATING 
RESISTOR 

fig. 5. Beverage antenna. 

direction. W1BB and others have used 
them successfully in receiving 160-meter 
DX signals from Europe when other 
receiver arrangements were troubled with 
noise and QRM. The Beverage is a low 
long-wire antenna with its far end ter-
minated in a non-inductive resistor. The 
antenna displays maximum receive sensi-
tivity in this direction ( fig. 5). 

miniature receiving antennas 

The short tuned antenna can be made 
to have rather deep nulls; at the same 
time the overall pattern is quite broad, 
either a figure-8 or cardioid. In heavy 
QRM the antenna can be rotated and the 
null positioned in the direction of the 
interference. In addition the mini antenna 
with its lower sensitivity cuts back on 
noise and intermodulation problems if 
they are a problem with your receiver. 

A small loop antenna can be built for 
40, 80 and 160 that gives you a good 
d i rec t iona l receiving pattern.1 1 1 2 

Loops can be used on 10, 15 and 20 
meters as well. They are a particular help 
during strong short-skip conditions. In 
fact, the strong, short-skip conditions on 
20 meters during the evening don't differ 
too greatly from those on 40. A receiving 
antenna of this type can be helpful for 
DXing when bands are cluttered with 
QRM. Although loops do not have the 

corner of the world, the lower and 
limited-gain vertical array will often 
permit you to sort out the desired re-
ceived signal from a maze of QRM. 

The 5/8-wavelength vertical with its 
lower vertical angle has not been evalu-
ated extensively in phased systems.5 This 
may well be one of the finest receiving 
antenna systems available. A low im-
pedance at the feed point is established 
with a loading coil that electrically tunes 
the vertical to 3/4 wavelength (fig. 4). A 
5/8 wavelength vertical is approximately 
20 feet long on 10, 30 feet on 15 and 40 
feet on 20. 

Lon^-wire antennas such as the Bev-
erage ' have demonstrated excellent 
possibilities for receiving from a single fig. 6. Basic loop antenna. 
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sensitivity of your big antenna their deep 
nulls can often help you tune out QRM. 
The loop antenna and its transmission 
line should be kept well isolated from 
other antennas and lines to obtain a deep 
pattern null. 

There are three basic types of minia-
ture antennas: loop, ferrite core and 
helical dipole. Robert L. Nelson, K6ZGQ, 
has set down several rules of thumb for 
planning such an installation.2 A practical 
level of radiation resistance and antenna 
efficiency for ham operation is obtained 
when the linear dipole-type antenna is 
longer than about 4 feet. The area en-
closed by a loop configuration should be 
no greater than about 2 square feet. 

Such antennas have been covered exten-
sively in the literature as receiving loops 13 14 
and direction-finding antennas. ' The 
much discussed Army loop is a larger 
specialized version of the same design. 
It is, of course, not as directional as 
a well built and shielded loop antenna. 

Typical 160-meter loop diameter is 
two to three feet and consists of three or 

four turns of insulated wire. A capacitor 
or inductor-capacitor network is used to 
resonate the loop as shown in fig. 6. 

The loop coil is surrounded by a 
conducting shield which is connected to 
ground. The shield is broken at the top to 
provide an electrical opening for the 
signal. Soft drawn copper tubing can be 
used as the shield. 

There are various other loop configura-
tions worthy of consideration. Two loops 

RECEIVER 

fig. 10. Helical dipole. 

mounted near each other and properly 
phased can be used to obtain a unidirec-
tional pattern with deep nulls. Two loops 
mounted at right angles to each other and 
using a Bellini-Tosi goniometer provide an 
electronically rotatable antenna pattern 
of the same type obtained with a single 
rotatable loop (fig. 7). 

Many modern direction finders use a 
ferrite core and a tuned winding as in fig. 

SENSE LOOP o 
fig. 9. Loop with sense antenna 
produces cardioid pattern. 

t
8. A typical ferrite directional antenna 
for the 2- to 8-MHz region consists of 14 

/ \ turns of number-18 wire wound on a 3/8 
by 6-inch ferrite loopstick.14 tt is tuned 
by a 200-pF variable. The nulls of a 
ferrite loop are perpendicular to the core 
(fig. 8). The axis of the core is in the N / I 

FERRITE STICK 

fig. s. Nulls Of loop antenna and direction of maximum sensitivity, 
ferrite loopstick. A short tuned vertical can be used 
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with a directional loop or ferrite stick to 
obtain a more unidirectional pattern as in 
fig. 9. (Its action is similar to the sense 
antenna of a direction-finding combina-
tion of loop and sense.) Some sort of 
attenuator is a part of the vertical, a 
necessity for equalizing the signal levels 
picked up by the loop and vertical. When 
signal currents are equalized, switching in 
the vertical creates a deep null toward the 
rear. 

antenna can be used with a tuner, fig. 11, 
to extend its bandwidth if it is to be used 
as a transmit antenna. 

An even greater length reduction can 
be obtained with end loading, as sug-
gested by K6ZGQ2 (fig. 12). Capacitive 
hats, about 3 feet in diameter, can be 
made of stiff wire. Antennas no longer 
than 6 feet can provide operation on 
bands 20 through 160 meters; only the 
number of helical turns have to be 

fig. 11. Helical dipole for transmit 
and receive requires tuner. 

I 
RECEIVER 

f ig. 12 . E n d e d - l o a d e d hel ica l 
dipofe reduces overall length. 

A helically-wound dipole is attractive 
for miniature receiving-antenna construc-
tion because of its horizontal polariza-
tion. Horizontal polarization is advanta-
geous for those areas where there is a 
high level of vertically-polarized man-
made noise. Two helical windings on each 
side of a dipole feed point, fig. 10, permit 
a resonant antenna system with a short 
linear length. An advantage of the helical 
configuration is that antenna resistance 
does not differ much from that of a 
full-sized dipole unless the antenna is 
made extremely small. It can be used for 
both transmit and receive. Complete data 
for building helical antennas is given by 
W2EEY.1 5 

changed. Two of these antennas can be 
mounted a short distance apart (approxi-
mately 0.05 wavelength) and fed out of 
phase. This produces a more unidirec-
tional pattern and less pickup off the 
back. 

receiver input systems 
When using miniature and low-gain 

antenna systems that emphasize pattern 
rather than gain, additional amplification 
can be helpful. Antenna-mounted ampli-
fiers have been used successfully in fm 
and tv reception and in other specialized 
receiving systems. Field-effect transistors 
and certain linear integrated circuits 
appear to be naturals for this application. 

f ig. 1 3. C o m m o n -
gate dual fet ampli-
fier is suitable for 
a n t e n n a - m o u n t e d 
amplifiers. 

f 
i 

»v o- TO RECEIVER 
O 

A linear helix with a length reduction 
factor of 0.3 (length 1/3 the length of a 
full-size dipole) usually provides practical 
operation over the cw or phone portions 
of a given low-frequency band. This 

The dual jfet1 6 and dual-gate 
mosfet17 are particularly attractive be-
cause of low intermodulation distortion 
and their ability to handle a considerable 
range of signal levels without distortion. 
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When balanced feedlines are used a dual 
fet can be connected in a push-pull 
common-gate configuration, fig. 13. No 
neutralization is required. 

Amplifiers of this type can be 
mounted in small weatherproof con-
tainers mounted at the antenna terminals. 
The dc supply voltage can be fed over the 
same coaxial cable that brings the signal 
down to the receiver. Such an installation 
can help substantially in building up the 
signal picked up by a highly directional 
but low-gain miniature antenna. 

Antenna-mounted amplifiers for 
phased vertical systems are another pos-
sibility. The output of each individual 
vertical, fig. 14, can be supplied to a 
receiver-located tuner/phaser combina-
tion. The directional pattern of the an-
tenna system can be oriented by con-
trolling the relative phase and amplitude 
of the signals delivered by the vertical 
receiving antennas. 

The integrated circuit is also attractive 
for antenna-mounted amplifiers. A case in 
point is the RCA CA3028A,1 8 fig. 15. 

intermodulation distortion. The converter 
could possibly be tuned with a dc con-
trolled voltage-variable capacitor diode. 

Perhaps the ultimate in antenna-
mounted amplification is the recently 

8 6 

fig. 15. Internal circuit of the 
R C A C A 3 0 2 8 integrated circuit. 

* « 

fig. 14. Phased verticals with ampli-
fier and remote pattern control. 

It consists of a single-stage differential 
amplifier, a constant-current transistor 
and suitable biasing resistors. Only a few 
external components are needed to build 
up an amplifier, fig. 16. 

The same IC can also be operated as a 
converter. The implication here is that i-f 
conversion can be made at the antenna 
terminals. This early conversion to the i-f 
frequency can be helpful in reducing 

developed voltage-probe receiving an-
tenna.19 The antenna proper is a 2-inch 
rod loaded with a small disc and followed 
by a three-stage fet amplifier consisting of 
a low-noise input stage, driver and output 
stage. It will out-perform a 13-foot, 
4-inch whip antenna from 7.5 MHz down 
and a 3-foot whip at all frequencies below 
40 MHz. 

There is a definite trend in the 
design of modern amateur communi-
cations receivers toward the thorough 
reduction of intermodulation distor-
tion.2

 V . 2 2, 2 3, 2 4, 2 S E v g n ^ ^ c Q m 

mercial receivers are often not able to 
cope with the wide range of incoming 
signal levels, intermod and splatter. A 
good age system and fet input are helpful. 
There are great possibilities for the di-
rect-conversion receiver and other designs 
that have low noise content, wide dyna-
mic range and low distortion. An assist to 
these objectives is an input system of 
relatively low gain ahead of the second 

AMPLIFIER 
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mixer. A low-noise first mixer and a quiet 
low-noise i-f chain are important. An 
attenuator ahead of the receiver input, 
with or without tuner, can help to reduce 
intermodulation distortion. 

If you suspect noise level and inter-
modulation distortion in your receiver is 
affecting sensitivity try a good low-noise 
preselector (with wide dynamic range) 
ahead of your receiver. 

RECEIVER 
O 

fig. 16. Using the C A 3 0 2 8 ic as an i-f amplifier. 
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single feedline 
for 

multiple antennas 

A decoupling scheme 

for exciting 

separate antennas 

with one 

Many articles have appeared that discuss 
the merits of single-band rotary beams 
versus those featuring rnultiband opera-
tion. One popular solution to rnultiband 
antenna operation is the tribander. This 
approach has two disadvantages: Element 
spacing can be optimized for only one of 
the three bands, and resonant traps and 
impedance-balancing devices introduce 
ohmic losses. Both effects can't help but 
compromise overall antenna efficiency. 

Another solution to rnultiband an-
tenna operation is the log periodic array. 
While theoretically the most satisfying 
solution, the log periodic antenna isn't 
too practical for most amateurs because 

<M <0 

o > 

0> 
Z 

transmission line 3 0) sz o 
o 

CC 

•o <u 
0 
CC 
t j 
.£ 
c 

1 
in 
CM r— 

* 

a. 
52 
w 

* 
L . 03 
E <0 k. 

CD 

ri 

of cost and structural complexity. In 
addition, the size of the log periodic 
antenna diminishes in its effect as fre-
quency increases, while its gain remains 
essentially constant. 

Still another rnultiband antenna ap-
proach uses interlaced elements on a 
single boom. This scheme permits more 
optimal element lengths, reduced ohmic 
losses, and proper spacing with minimal 
element interaction. Still, the interlaced 
beam is tricky to adjust and clumsy to 
install. 

The only real solution to effective 
rnultiband antenna operation is to use a 
separate antenna optimized for each 
favorite band. This implies the use of 
separate feedlines for each antenna, or 
complex remote-control circuits for trans-
ferring a single transmission line between 
antennas. 

This article describes an efficient 
method of feeding separate antennas on 
two or more bands with a single coax 
cable using a well-known principle of 
transmission-line theory. Superior an-
tenna performance can be obtained at 
moderate cost. 

economic considerations 
A point often overlooked is that you 

can purchase three separate antennas of 
excellent mechanical and electrical 
quality for nearly the same price as a 20-, 
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15-, and 10-meter tribander. In fact, 
when considering only 10 and 15 meters, 
you can own separate 4-element yagis on 
each band for just a little more than the 
list price of one of the new 3-element 
dual-band antennas. Thus for a compar-
able investment, it's quite easy to achieve 
far superior performance in terms of 
measurable forward gain, directivity, and 
f/b ratio together with an exact imped-
ance match; not to mention the absence 
of weather-susceptible traps. Moreover, 
such antennas can be home constructed 
using standard catalog boom-and-mast 
hardware for even greater savings. 

At the risk of being accused of beating 
the cost issue to death, I'd like to make 
one more point. Consider that the price 
of a couple hundred feet of good quality 
coax with connectors comes quite close 
to that of a good commercial 3-element 
10-meter beam. If you add the relays, 
control wiring, and switches necessary for 
separate antenna selection with a single 
feedline, the feed-system cost will be even 
higher. 

the gimmick 
A review of basic theory shows that, in 

the case of a half-wavelength transmission 
line, voltage and current are identical at 
the input and output terminals of the 
line. Hence the input impedance of any 
line, regardless of its characteristic imped-
ance, is exactly the same as the load 
impedance, providing the line length is an 

fig. 1. Decoupling method for isolating two 
stacked beam antennas. The 1/2-wave gimmick 
may be coiled into a loop and fastened to the 
mast or to the boom of the higher-frequency 
array. 

exact multiple of a half wavelength. Such 
a line, therefore, may be used to transfer 
an impedance to a new physical location 
without changing the line's intrinsic 
characteristics. A typical application of 
this principle to achieve common-line 
feed for two different single-band an-
tennas is shown in fig. 1. 

Assume that each antenna has been 
individually adjusted to reflect 52 ohms 
pure resistive load at each respective 
nominal operating frequency, fc . The 
10-meter yagi is connected in parallel 
with the 15-meter yagi; hence it is also 
connected to the main feedline via a short 
length of coax. This interconnecting piece 
acts as our simple decoupling gimmick, 
which is electrically one-half wavelength 
long at f c = 21.3 MHz of the lower-fre-
quency antenna. 

At 21 MHz the 10-meter yagi reflects a 
complex load consisting of X c + R, with 
a net impedance much higher than 52 
ohms, because its resonant frequency is 

fig. 2. Test setup for determining appro-
priate length of the decoupling gimmick. 
Length, L , is trimmed for the operating 
frequency of the lower-frequency an-
tenna. 

far removed from 21 MHz. This same net 
high impedance is repeated one-half wave-
length away (at 21.3 MHz) across the 
input terminals of the 15-meter yagi. The 
15-meter beam reflects a much lower load 
(52 ohms) to the main transmission line; 
so the 15-meter beam absorbs power, 
while the 10-meter beam accepts essen-
tially no power. 

At 28 MHz, the 15-meter yagi reflects 
the much higher net impedance consisting 
of X l + R. When operating on 10 meters 
the 10-meter yagi absorbs power, while 
the 15-meter yagi accepts virtually no 
power. The interconnecting gimmick line 
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looks simply like a short continuation of 
the main transmission line. 

construction and installation 

Construction of a decoupling gimmick 
is very simple, as it is nothing more than a 
piece of coax trimmed to a fairly critical 
length. As a start, consider overall length 
to include all connections; i. e., coax 
fittings, terminal lugs, etc. Cut a piece 
slightly to the high side in length using: 

500 
fMHz 

x velocity factor 

table 1. Measured data using home-made test 
equipment . T h e standing-wave rat io was uni ty 
at fc . 

antenna forward fc f /b bandwidth horizontal 
(MHz) ratio for 1.75 swr beamwidth gain 

(dB) (dB) (kHz) at 3-dB points 
(deg) 

10-meter 8 . 1 2 8 . 6 2 3 9 5 0 
beam 
15-meter 9 . 3 2 1 . 2 7 2 7 6 0 0 
beam 

50 

43 

where fMHz = lower-frequency 
antenna 

Install appropriate terminals or coax 
fittings to one end only. At this same 
end, temporarily provide a small loop, 
either by bolting terminals together or by 
fastening a %-inch-diameter loop to a 
coax fitting. The setup is shown in fig. 2. 
Short-circuit the opposite end by driving 
a large pin or nail through both shield and 
inner conductor. Using a grid-dip oscil-
lator with a calibrated receiver, determine 
the resonant frequency of the initial 
length of cable. Then change the position 
of the shorting pin in gradual steps until 
the desired f c is obtained. Cut off the 
excess cable, install appropriate fittings, 
and your decoupling gimmick is com-
plete. 

If your antennas are spaced closer 
together than the overall decoupling gim-
mick length, form the excess cable into a 
coil about 8 inches in diameter. Tape the 
coil to the mast or to the boom of the 
higher-frequency antenna. 

experimental data 
My installation, consisting of 10- and 

15-meter gamma-matched beams, is 
shown in the photograph. The antennas 
are stacked 5 feet apart and consist of 3 
elements on a 10-foot boom for ten 
meters and 4 elements on a 21 -foot boom 
for 15 meters. Several experiments re-
sulted in the following data. 

Each antenna was tuned individually 
while completely divorced physically 
from the other. The data, shown in table 

1, was acquired using a home-made swr 
bridge and field-strength meter. 

Next, both antennas were mounted in 
final position on the mast. Alternately, 
one yagi was excited directly with the 
other completely disconnected. Rough 
data was taken as above, and results were 
essentially identical except that the 
10-meter yagi was detuned; its resonant 
frequency was about 50 kHz higher. 

The decoupling gimmick was installed, 
and the data in table 1 was rechecked. 
Results were again identical, except that 
the 1.75:1 swr bandwidth decreased 
about 75 kHz for each antenna. This was 
considered to be well within usable limits 
of operation. 

A reflected-power meter was inserted 
between antenna terminals and con-
necting lines. With moderate power ap-
plied, forward power to each off-fre-
quency antenna was small compared with 
total transmitter output; in each case, 
reflected power was nearly equal to for-
ward power. This confirmed that the 
decoupling scheme was indeed providing 
proper antenna isolation. 

conclusion 
The system described has been in 

operation for nearly two years. Many 
notable DX stations around the world 
will attest to consistent signal punch, 
notable scores in DX competitions, and 
distinct recognition in rare-country pile-
ups. This system has made significant 
contributions toward my list of con-
firmed countries in the ARRL DX Cen-
tury Club listing. 

ham radio 
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multiband 
ground-plane 

Although the popular Hy-gain 1 8 A V Q 
multibarid vertical antenna is designed to 
be mounted on the ground, it can be used 
as an elevated ground plane. All that is 
required is a suitable arrangement of 
inductance-loaded radials that provide 
resonance on each of the amateur bands. 

radial loading coils 

14 MHz 29 turns no. 20, 1.5-inch diameter, 
16 turns per inch (Air-Dux 1216T) 

7MHz 46 turns no. 18, 2-inch diameter, 
16 turns per inch (Air-Dux 1616T) 

3.5 M H z 94 turns no. 18, 2-inch diameter, 
16 turns per inch (Air-Dux 1616T) 

fig. I . T h e Hy-Gain 1 8 A V Q multiband vertical 
can be used as a ground-plane antenna by using 
a system of inductance-loaded radials. 

tebook 

J A 1 Q I Y reports excellent results with 
the system shown in fig. 1. The radials 
shown in fig. 2 provide high performance 
on 3.5, 7, 14 and 21 MHz; a separate set 

I4MHI 7 MHl 3.0 mm 

NOTE: SEPAKATt BB-UHi RADIAL IS 8'4" LONG 

fig. 2. Construction details for the 
loaded radials. 

of radials is used for ten meters. The 
radials permit the antenna to be put 
above surrounding objects where it can 
do the most good. If the radials are 
allowed to slope away from the 18AVQ 
they can also be used as guys. With the 
radials sloping away from the antenna at 
about 45°, the antenna provides a rela-
tively good match to 50-ohm coaxial 
cable. The dimensions in fig. 2 are for the 
cw end of the band, but with a little cut 
and try, equal performance can be ob-
tained on the phone bands. The multi-
band swr of the J A 1 Q I V antenna is 
shown in fig. 3. 

J A 1 Q I Y has reported excellent D X 
performance with this antenna, particu-
larly on 80 and 40 meters. On 80 he has 
worked Soviet Russia, Korea, Okinawa 
and the Philippine Islands; on 40 he has 
been able to work into the United States 
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fig. 3. Swr performance of the mult iband 
ground plane. Loaded radials were de-
signed for the cw end of each band. 

and Canada, no small feat with relatively 
low power. 

In the original version of this antenna 
each of the radial loading coils is 
mounted around a length of phenolic rod. 
However, ceramic strain insulators could 
be used for more strength and better 
performance in wet weather. The 28-MHz 
radials are spaced a few inches away from 
the low-frequency radials. 

should be considered. However, to keep 
the cost down, carbon composition re-
sistors provide acceptable accuracy for 
most purposes. R1, the 100-mA shunt, 
consists of 5-feet no. 36 wire wound 
around a high-value resistor. The 1-mA 
meter is an imported unit, such as the 
Lafayette 99 F50528.* 

silver/silicone grease 
A common problem with station 

ground systems is corrosion at the main 
ground connection. Some amateurs try 
non-conductive grease to eliminate this 
corrosion but this leads to improper 
g round ing conditions. Silver/silicone 
grease is prepared by Technical Wire 
Products, Inc. (427 Olive Street, Santa 
Barbara, California 93101) for use on 
knife switches in power substations. How-
ever, it is useful to amateurs who want to 
protect their ground-system connections 
from corrosion and resultant loss of 
effectiveness. The silver/silicone grease is 
water repellent and is available in 2-ounce 
tubes (part number 72-00016) or 
1-pound jars (part number 72-00015). 
For more details on this grease, write to 
Technical Wire Products, Inc. for a copy 
of Data Sheet CS-725. 

Bill Welch, W6DDB 

multitester 
Although most ham shacks have at 

least one volt-ohmmeter or vtvm, a low-
cost uti l i ty multitester can fi l l in when 
you have to make simultaneous voltage 
and current measurements. The multi-
tester in fig. 4 covers the most useful 
voltage and current ranges and uses a 
low-cost 1-mA meter movement. The 
multiplier and shunt resistors, and diode 
are mounted on the selector switch, a 
Centralab PA1001. All resistors can be 
5% carbon composition types, although 
for higher accuracy 1% precision resistors 

* Available f rom Lafayette Radio Electronics, 
111 Jericho Turnpike, Syosset, L. I., New York 
11791. $2.95 plus postage; shipping weight, 12 
ounces. 
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fig. 4 . Simple uti l i ty meter. R l is 5 feet no. 36 
wire wound around high-value resistor. 
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CONNECT SHIELDS 
TOGETHER 

TO TRANSMITTER 

fig. 6. Details of two-meter slot antenna built from salvaged tv-antenna tubing and thin-wall conduit. 

power-supply hum 
The power supply described by Hank 

Olson in the February 1970 issue of ham 
radio was built for a solid-state receiver. 
The receiver was very quiet until the 
antenna was connected, then I found a 
wild example of "tunable hum." A 0.1 
juF disc ceramic capacitor was connected 
as shown in fig. 5, and the trouble was 
cured completely. In my case it was 
convenient to connect the capacitor 
across one-half of the secondary, but it is 
equally effective across the entire 
secondary winding. 

Bill Wildenhein, W8YFB 

fig. 5- Capacitor CI reduces power-supply hum. 

two-meter fm antenna 
The antenna shown in fig. 6 was 

assembled from a few old TV antennas 
for about $3.00. My location is sur-
rounded by mountains as high as 11,500 
feet. The antenna shown has given good 
results by bouncing signals off the moun-
tains. Stations 120 miles away sound 
almost like locals. 

construction 

The booms and crosspiece are made of 
3/4-inch thin-wall conduit. All elements 
are 3/8-inch aluminum tubing salvaged 
from old TV antennas. The corners of the 
driven element are made of soft alumi-
num, assembled with 'A-inch bolts with 
the heads cut off. 

I drilled holes in the conduit to accept 
the elements, which are held in place with 
sheet-metal screws. The booms are 
secured to the crosspiece with U-bolts at 
the balance point. 

Bill Done, WB6KYE 
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comments 

inverted-vee antennas 

Dear HR: 
In my experience with an inverted-vee 

antenna for 40 meters, 67.5 feet long 
with the apex at 30 feet and the ends 15 
feet off the ground, resonant frequency 
was 7.18 MHz. This suggests that in-
verted-vee length IF-

length (feet) = 485 
fMHz 

The resonant frequency was indicated by 
a very deep and sharp null with an 
Omega-T antenna noise bridge. 

It may be of interest to comment on 
the affect of adding a parasitic inverted-
vee director, 64.13-feet long (5% shorter 
than radiator}, at the same apex and end 
heights, spaced 16 feet in front of the 
driven element. (Judging from Yagi data 
this is good spacing for gain, but not for 
bandwidth.) The director raised the re-
sonant frequency 114 kHz to 7.294 MHz. 
This suggests: 

driven element (feet) = 

director length (feet) = 

492 

fMHz 

467 

fMHz 

Element spacing was 0.11 wavelength. 
The Omega-T noise bridge indicated a 

driving-point impedance of 27 ohms for 

this two-element inverted-vee Yagi. Two 
such antennas were used on 40-meter 
phone and cw during the 1950 ARRL 
Field Day with good success. A 38-ohm 
Q-section will match 27 ohms to 50-ohm 
coax, two 22.93-foot lengths of RG-59/U 
(length = 165/fMHz) were soldered in 
parallel to make a 37.5-ohm Q-section. 
According to the book, the Q-section 
should be made from twin lead, but with 
the double-coax Q-section swr was less 
than 1.4:1. 

Ano the r two-element inverted-vee 
Yagi with a director 3% shorter than the 
rad ia tor resulted in the following 
formula: 

driven element (feet) = 

director length (feet) = 

490 

fMHz 

467 

fMHz 

Element spacing for this array was also 
0.11 wavelength. 

Bob Hume, WB6AQF 
Palos Verdes, California 

ground rods 

Dear HR: 
Driving of 6-foot ground rods is easy 

in good loam, but many of us live in areas 
where the top soil is sandy or rocky, and 
you cannot find even a very poor ground 
with a 6- or 8-foot rod. It is necessary to 
get through hardpan or layers of rock to 
find moisture, to say nothing of water. I 
had to go down 18 feet. 

Some small ground rods are made so 
they can be threaded together, but the 
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driving cap furnished with them comes 
loose with each blow of the sledge and 
buggers the threads. Also, when threaded 
they unscrew underground. 

The same is true of well hardware. 
Ordinary ground points tend to pack the 
soil around them, and thus insulated 
themselves from actual ground. Well 
points wil l do the same, but due to their 
greater diameter, they pack less. A VA-
inch well point can be driven into soft 
soil, but the threads get mashed even 
when using the f i t t ing made for driving. 

The easiest way in the long run is to 
get a 114-inch well point and several 
sections of extension pipe. Drill a %-inch 
hole at the top of one pipe and hang two 
buckets of rocks from the top. I used 
5-gallon paint cans. Fill the buckets with 
rocks and then f i l l the leftover space with 
water for weight. 

Cut off the end of an old 3/8-inch 
hose and drop the end down into the well 
point. Use a pair of chain tongs and take 
about three or four turns in the assembly 
with the water running easy. Then take 
half a turn back; keep the water running. 

The pipe should run down about an 
inch for each 4 turns. After running it 
into the ground as far as necessary to 
reach the ground-water level f i l l the pipe 
with copper sulfate and stick a funnel 
into the top. It wil l catch enough rain to 
melt about 5 pounds of copper sulfate a 
year. A 25-pound sack of copper sulfate 
costs about $6.00 wholesale. 

I finally ran my 18-foot ground in 
after only 10,000 turns or so! 

Keith Olson, W7FS 
Belfair, Washington 

checking coaxial cable 
Dear HR: 

I wonder if any other amateurs have 
stumbled onto a very useful secondary 
function of my QRP wattmeter (April 
1970 "ham radio"), coaxial cable quality 
checking. You simply feed the output of 
your QRP rig or exciter into the rf 
wattmeter. This will give a reading {let's 

say) of 7 on the meter. Next, the cable to 
be tested is inserted between the exciter 
and the wattmeter. If the cable has a 
nominal 50 ohms impedance the watt-
meter reading should be reasonably close 
to the earlier reading. If not, the watts 
lost in a given length of 50-ohm cable can 
be directly calculated by subtracting 
Watts f a r from Watts n e a r as read directly 
from the QRP wattmeter. 

Neil Johnson, W20LU 
Tappan, New York 10983 

fm deviation 
measurement 
Dear HR: 

Accurate fm deviation measurements 
are much more involved than they may 
seem. The i-f and discriminator must be 
extremely broad. Pulling out the i-f filter 
and reducing the size of the discriminator 
load resistors by about 3:1 is a good start. 
It's also a good idea to tweak the dis-
criminator for best linearity — it's pro-
bably not as good as you might think. 

In reference to the fm deviation meter 
described in the ham notebook section of 
the December, 1970 issue, a somewhat 
less expensive calibration procedure in-
volves switching in a 455-kHz crystal 
first, than a 440-kHz or 470-kHz crystal 
in place of the second conversion oscilla-
tor crystal. If you don't have a de-
coupled oscilloscope, you can use the 
same technique used at the Motorola 
factory: use an audio-frequency multi-
vibrator to switch between a 440-kHz and 
470-kHz oscillator, and couple the output 
into the receiver i-f strip. 

If the whole thing sounds a bit cum-
bersome, you can set your deviation quite 
adequately for amateur purposes by 
bellowing into the microphone, and ad-
justing the deviation control to just below 
the point where first limiter current starts 
to kick downward with modulation. This 
may not sound very sophisticated, but it's 
probably at least as accurate as most 
homemade deviation meters. 

J. A. Murphy, K5ZBA 
Tulsa, Oklahoma 
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hallicrafters five-band 
transceiver 

A new and improved version of the 
popular Hallicrafters SR-400, Cyclone II, 
ssb cw transceiver is being introduced. 
Known as the model SR-400A, Cyclone 
III, the new 5-band ssb cw transceiver is 
"feature-packed" with the newest and 
advanced electronic circuits and control 
designs developed for operation in all 
environments — field, radio shack or 
mobile. Full coverage is provided for the 
80,40,20, 15 and 10 meter bands. 

The ssb power of the new SR-400A 
has been increased to 550 watts PEP. An 
exclusive power-amplifier-tube balancing 
circuit eliminates the need for matched 
tubes. No longer does the amateur oper-
ator have to purchase final amplifier 
tubes in matched pairs. 

Also, Hallicrafters has engineered the 
SR-400A with a new built-in 100/25 kHz 
crystal calibrator which helps locate band 
edges on the new sub-bands. The Halli-
crafters' patented Receiver Incremental 
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Tuning (RIT) permits ±3 kHz adjustment 
of receiver frequency independent of the 
transmitter is now calibrated, making it 
even more versatile and easier to use. Also 
available is an optional fixed station 
blower kit; it consists of a quiet, heavy-
duty air blower and connections for use 
in the power amplifier section to prolong 
tube life. 

The new SR-400A, like its predeces-
sor, is ideal for the sophiscated DXer 
when used with the HA-20 remote vfo. 
The operator can listen to two frequen-
cies simultaneously. It is also excellent 
for "tail ending." The HA-20's dial is 
calibrated for true 1 kHz readout. An 
expanded vswr meter with remote bridge 
connection allows the operator to con-
tinuously check antennas performance. 

For the cw operator the SR-400A 
provides such added features as semi-
automatic break in, cw filter (200 Hz), 
cw sidetone and grid-block keying. The 
SR-400A also features upper- and lower-
sideband selection, constant tuning rate 
on all bands, smooth gear-driven tuning 
mechanisms with 1-kHz readout, choice 
of vox or ptt (built-in), 6-pole 1650-kHz 
crystal-lattice filter for optimum selec-
tivity and sideband response, built-in 
notch filter to supplement sharp cw 
selectivity, frequency zero adjust, com-
plete metering and separate receiver and 
transmitter rf and audio controls. 

For the amateur who wishes to further 
extend the capability of the new 
SR-400A, Hallicrafters has provided op-
tional accessories such as solid-state ac 
and dc power supplies, mobile mounting 
rack, and a 4-inch communications 
speaker for mobile installations. 

The new SR-400A cyclone III weighs 
26 pounds and is priced at $995 amateur 
net. The HA-20 vfo is priced at $199.95. 
The new SR-400A will be available from 
franchised electronic distributors 
throughout the United States. For more 
information, use check-off on page 94. 
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call book supplement 
The Radio Amateur Callbook has an-

nounced an innovation in their line of 
publications. Beginning with the Spring 
1971 Callbook, there will also be published 
a supplement, available to those sub-
scribers who have purchased the preceding 
issue and would like to up-date their in-
formation without purchasing a complete 
book. Those amateurs who purchase the 
current edition may also order the supple-
ment to the next complete edition for a 
modest cost. This is on an experimental 
basis, pending response from the amateur 
fraternity. 

Supplements will contain all new 
licenses and silent keys, as well as call 
letter, class and address changes that have 
taken place since the preceding issue of 
the Callbook. For further information 
write The Callbook, Lake Bluff, Illinois 
60044, or use check-off on page 94. 

electronic designer's 
handbook 

The "Electronic Designer's Handbook: 
A practical Guide to Transistor Circuit 
Design" by T. K. Hemingway is now in its 
second edition. This up-to-date handbook 
provides a complete reference on tran-
sistor circuit design to the depth required 
for practical engineering design. Part 1 
provides detailed coverage of the tran-
sistor used as a switch and as a small-
signal amplifier, as well as circuit oper-
ating principles and consideration of tran-
sistor parameters in practical design. The 
designer will find part 2 of particular 
value for its description of unusual cir-
cuits, and the straightforward discussion 
on how novel design can be synthesized 
and modified to serve in a number of 
practical applications. The content is 
specifically intended to show the reader 
how to design his own circuits. As op-
posed to presenting superficial knowledge 
of a great number of circuits, specific 
circuits are presented and analyzed in 
detail so that the reader, armed with the 
underlying design techniques, can apply 

Many thousands of you have be-
come very famil iar with the vari-
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are famil iar with their 
excellent magazine, Radio Com-
munication. 

This is the oldest and most widely 
read Brit ish amateur radio maga-
zine. Published monthly it pro-
vides complete coverage including 
such popular features as: Techni-
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi-
t ion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addit ion to your amateur radio 
activities. 
We can now offer this f ine maga-
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out-
going QSL Bureau) for $9.60 a 
year. 

b o o k d i v i s i o n 

Box 592 ' Amherst, New Hampshire 03031 
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them to developing his own specific 
circuits. 

Part 3 discusses the practical difficul-
ties encountered in the design and testing 
of prototype circuits, offering many use-
ful hints for solving a number of 
problems rarely mentioned in other 
books, and containing a particularly inter-
esting and useful chapter on circuit lay-
out and wiring. Much of the math has 
been relegated to the appendix. This 
book is specifically oriented to serve the 
needs of the practical designer, whether 
he be a novice or professional. 294 pages. 
304 illustrations, $9.95 from Tab Books, 
Blue Ridge Summit, Pennsylvania, or use 
check-off on page 94. 

automatic tone 
encoders 

The new solid-state Alpha miniature 
continuous-silent-tone encoder is de-
signed for use in all two-way radio com-
munications systems and equipment. This 
compact, easily installed unit provides an 
end to interfering signals and the neces-
sity of listening to co-channel users by 
requiring that transmissions to base 
station radios be accompanied by a pre-
determined subaudible tone to activate 
the receiver. The silent-tone encoder 
(ST-85H) can be used where the base 
station only is to be quieted. The new 
trans istor ized circuitry (eliminating 
mechanical reeds and relays) makes this 
thoroughly field-tested unit stable and 
reliable. 

Tone frequencies are available over a 
wide range (20.0 to 203.5 Hz) and can be 
changed by simply plugging in a TN-91 of 
the frequency desired. Each silent-tone 
contains two sections, the encoder net-
work (ST-85H), and the tone determining 
network (TN-91H), and features small 
size, built-in voltage regulation and one 
year warranty. 

For more information write to Alpha 
Electronic Services Inc., 8431 Monroe 
Avenue, Stanton, California 90680, or 
use chuck-off on page 94. 
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a second look fish 
A whole new class of broadband 
high-power rf amplifiers is about to hit 
the market; under study for some time, 
they use both vacuum-tube and semi-
conductor technology. The EBS — elec-
tron-bombarded semiconductor — ampli-
fier consists of an electron-gun modula-
tion system, semiconductor target and 
output coupling network, all within a 
glass or ceramic envelope. The semicon-
ductor target is simply a pair of silicon 
diodes, each consisting of two metallic 
electrodes with a pn junction under the 
top contact. 

Amplifier operation is based on a 
well-known fact: A modulated electron 
beam can control the current in a re-
verse-biased semiconductor junction. In 
the EBS system shown in fig. 1 the 
electron beam is intensity modulated by 
an input signal on the grid. The high-pow-
er beam electrons that strike the silicon 
target create thousands of electron-hole 
pairs. Since there is a high bias voltage 
across the target, the free electrons are 
attracted to the far contact; the holes 
return quickly to the bombarded contact. 

In the absence of the electron beam 
there is negligible current flow through 

mpvr 
SIGNAL o 

o 
BEAM 

ACCCLCKATtON 
VOLTAGE 

OUTPUT 

fig. 1. Basic EBS amplifier consists of modulat-
ed electron gun and semiconductor target. 

the silicon. However, when illuminated 
by the electron beam, output current is 
proportional to beam current, and the 
device acts as a linear amplifier. The rf 
gain of the EBS amplifier is controlled by 
the current gain in the silicon target and 
the modulation sensitivity of the electron 
beam. Present laboratory amplifiers pro-
vide gains in excess of 40 dB with 
efficiencies over 65%. 

The electron beam can also be de-
flection modulated as in conventional 
c a t h o d e - r a y t u b e s . W i t h a 
deflection-modulated EBS amplifier and 
two semiconductor targets, no beam 
current is intercepted when the beam is 
not modulated. With an input signal, the 
electron beam is deflected from one 
target to another; the positive portion of 
the sine wave is generated in one diode 
and the negative portion generated in the 
other. This is true class-B operation and 
provides high power-output capability. 

The EBS amplifiers presently reaching 
the commercial market are limited to 
operation below 1500 MHz. However, 
engineers are working on new designs that 
should provide operation up to 5000 
MHz. Although it will be some time 
before these devices find their way into 
the amateur market — and then probably 
by way of the surplus market — the EBS 
amplifier offers an alternate approach to 
the serious uhf amateur who wants to 
generate prodigious amounts of rf power 
on 1296 MHz and above. 

Jim Fisk, W1DTY 
editor 
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This article is the result of a one year 
study of techniques and devices applic-
able to 432 MHz ssb. I believe the 
techniques described here represent the 
best alternatives presently available. In 
each case I considered a number of 
approaches; the most efficient* are 
treated in detail, while the disadvantages 
of the others are discussed in an effort to 
acquaint you with some of the pitfalls. 
This by no means implies that the tech-
niques not advocated are impossible; the 
non-recommended methods are feasible 
but at a much higher overall cost. 

In an attempt to make this article as 
comprehensive as possible, all com-
ponents were built in modular form. 
While this adds slight additional cost 
because of patch cables it permits the 
ultimate in versatility and allows verifica-
tion tests of all circuit arrangements. 
Finally, all tests were made with cali-
brated laboratory test equipment. This 
provides a valid data base in areas which 
are normally troublesome to the amateur 
(i. e. spurious output and intermodula-
tion distortion). 

introduction 
While operating on the 432-MHz band 

during the past several years I have 
noticed a definite lack of effective modu-
lation on most signals. Although a large 
number of operators cling to cw (and its 

* Efficient in terms of electrical efficiency, 
number of components and cost. 
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weak-signal effectiveness cannot be dis-
puted) it disturbs me to see many con-
tacts severely limited in their ability to 
exchange information when conditions 
permit the use of higher density modula-
tion. Though amateurs are not hampered 
in their ability to generate power at 432 

the various devices that will function as 
amplifiers at 432 MHz. Linear uhf tran-
sistors are prohibitive because they are 
expensive and limited to low power. 

Klystrons, amplitrons and cross-field 
amplifiers, while capable of high power, 
are not suitable due to cost and com-

LOCAL OSCILLATOR 

fig. 1. Proposed system for running 500 watts P E P input on 4 3 2 MHz. Ef f ic iency of final stage is 
assumed to be 40%. 

MHz they are apparently limited in their 
ability to modulate it efficiently. 

It is the philosophy of this article to 
provide you with more than a cookbook 
which tells you where to cut, bend and 
drill. While much of the equipment dis-
cussed here may be duplicated it is my 
belief that few amateurs make identical 
copies. However, sufficient information is 
supplied to help you make intelligent 
decisions on the basis of economy and 
already existing equipment. Although the 
equipment discussed here was evaluated 
with laboratory-grade test equipment, the 
ssb units were aligned for maximum 
output power in an amateur manner, then 
evaluated, so the data is meaningful to 
the amateur without access to sophisti-
cated test gear. 

power considerations 
It is helpful to acquaint yourself with 

*The intermodulat ion distort ion figures given 
here were measured in accordance with stand-
ard commercia l practice: in reference to one 
of the two test tones. Amateurs normally 
measure interrooduiation distortion in respect 
to peak envelope power; this yields iM figures 6 
dB better than commercia l practice. T o com-
pare these IM figures with other amateur radio 
articles y o u must increase the IM figure by 6 
dB. In this case, 2 0 d B becomes 26 dB. 

plexity. This leaves us with the family of 
power-grid tubes. Table 1 shows popular 
vacuum tubes and approximate gains 
which may be obtained as 432-MHz linear 

amplifiers. To make this information 
pertinent to the amateur both new and 
used tubes were tested. 

The third-order intermodulation dis-
tortion (IMD) values* for the tubes I 
tested fall in the 20- to 30 dB range. 
While this may sound low in comparison 
to 20-meter standards, an objective analy-
sis is necessary to determine what ill 
effects if any this will have on 432-MHz 
operation. The major objections to IMD 
are its generation of signals outside the 
communications passband and wasted 
power. The former is a particular concern 
on the high-frequency bands because of 

table 1. T y p i c a l linear performance of several 
readily available power-grid tubes. 

power 3rd order 
output IM 

(PEP watts) (dB) 

type gain 
(dB) 

6939 
2 C 3 9 , 2 C 3 9 A 
2 C 3 9 B , 3 C X 1 0 Q A 5 , etc. 
4 X 1 5 0 A (new) 

(used) 
4 C X 2 5 0 B (new) 

(used) 

15 2.6 25 
12.5-15 30 25-30 
14-16 40 25-30 
15 80 20-25 
14 80 20-25 
27 200 20-25 
16 200 20-25 
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high signal densities. However, it is hardly 
worth mentioning at uhf. Wasted power 
seems to be of little consequence since an 
IMD ratio of 20 dB results in a 1% 
power loss. Most amateurs lose that 

adjusting his station for maximum power 
output. 

Considering a medium power system, 
500 W PEP input with final-amplifier 
efficiency of 40%, the output power 

432-MHz ssb mixer using a 6939. 

much power in the first few feet of 
transmission line. Consequently, all de-
signs presented here are based on achiev-
ing less than 20-dB IMD at the output, 
and assume that exciter IMD is 30 dB 
down. 

IMD performance is given constant 
attention throughout this article. Meas-
ured values of IMD are presented for 
various levels of operation. It should be 
noted that all IMD tests were made with 
the equipment optimized for maximum 
power output, not minimum IMD. There-
fore, the measured values are in line with 
what an amateur might expect when 

should be in the neighborhood of 200 W 
PEP or +53 dBm. A 4CX250B is capable 
of 16-dB gain, so its drive requirement is 
+37 dBm (5W PEP). A good 2C39 linear 
will drop the drive requirement to +22 
dBm (158 mW PEP). At this point assume 
a mixer which will produce between 0.1 
and 1 W PEP output. 

Fig. 1 shows the proposed system. A 
power train of three stages wil l take 
low-frequency ssb and put it on 432 MHz 
at the 500-watt level. At this point, it 
appears to be no more diff icult to put 
500 watts on 3/4 meters than it is on 20 
meters. 
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the mixer 

The search for a suitable mixer 
covered a great deal of territory. It must 
be efficient, be stable, exhibit low IMD, 

The Amperex 6939 seemed to be a 
good choice since it has already been 
successfully used as a high-frequency 
mixer,' However, it seems that most of 
the published designs are limited by their 
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fig. 2. 4 3 2 - M H z mixer stage provides high efficiency. Stage requires approximately 100 mW 
local-oscillator power. Inductor construction is shown in fig. 3. 

be easily reproduced and, perhaps most 
important, have low cost. Although I 
considered parametric upconverters, and 
did make one work in the laboratory, the 
parametric device could not be deemed a 
reproducible unit for the amateur with-
out access to sophisticated test equip-
ment (the unit also required 15 watts of 
pump power at 382 MHz). The second 
consideration was in the area of transistor 
mixers. Those transistor stages which 
were economical operated at low power 
levels (less than -10 dBm) and required an 
unreasonable number of linear gain stages 
to achieve respectable output power. 
Those stages which could handle higher 
power were cost prohibitive. Various 
diode mixer configurations were also 
examined but their limitations fall in the 
first transistor category. This narrowed 
the mixer field to our old friend the 
vacuum tube. 

7 o 
L2, L3 o I L 5 

fig. 3. Coils for 6939 mixer (fig. 2) and 
linear-amplifier (fig. 10) . * 

high local-oscillator power requirements. 
The circuit shown here (fig. 2) is some-
what similar to those previously pub-
lished but may be driven wi th approxi-
mately 100 mW of local oscillator power 
instead of the usual watt or two. 

Many of the problems encountered 
wi th vacuum tubes are in the area of 
coupling power into high-capacitance grid 
structures. Vou can get an idea of the 
efficiency of any matching network by 
measuring its reflection coefficient when 

•Fu l l -s ize templates of fig. 3, f ig. 8 and fig. 18 
are avai lable f r o m ham radio fo r 25c. 
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table 2. 6939 mixer operating parameters (plate 
dissipation, 6 watts). 

Static 
plate voltage 
plate current 

(Eb> 
0b> 

Driven with local oscillator 
plate voltage ( E b ) 
plate current (lu) 
screen voltage ( E c 2 ' 
screen current ( l c j 
cathode voltage ( E 0 
grid current ( E c j ) 

225 Vdc 
23 mA 

225 Vdc 
28 m A 

210 V d c 
6 m A 
9 Vdc 
0 Vdc 

r * ^ 
^Mm^mmp 

adjusted for maximum output power. It 
is a well known fact of network theory 
that any lossless, reciprocal, passiye, two-
port network will have its output reflec-
tion coefficient equal in magnitude to its 
input reflection coefficient Since our 
networks are certainly passive, reciprocal, 
and hopefully, nor too lossy, this is a 
good beginning for optimizing any grid 
circuit. 

An idea of grid-circuit loss may be 
obtained by shorting the grid to ground 
(with B+ and bias off) and noting the 
input vswr; it should be greater than 10:1 
if circuit losses are low. With the tube 
operating normally the input vswr should 
be less than 2:1 for a reasonable grid 
circuit. In general, the problem of 
coupling to a high capacitance grid struc-
ture may be easily dealt with through the 

ita 
- • F I T F U L 

Construction of 6939 mixer stage. 

use of half-wave lines.2 Quarter-wave 
circuits are usually ineffective since tube 
capacitance severely forshortens the line 
and it is difficult to place a tuning 
capacitor sufficiently close to the grid for 
proper operation. 

The half-wave grid lines used in this 
mixer provide a vswr of 1.3:1 or less after 
one or two passes of the tuning wand. 
The rest of the circuit is quite conven-
tional. The tube is operated within the 
normal ratings specified by the manufac-
turer consistent with reliability and 
economy. Table 2 lists the operating 
parameters of the 6939 mixer tube. 
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fig. 4. Setup for spurious output and intermodulation distortion tests. 
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fig. 5. Spectrum analyzer display of 6939 mixer and 2C39 amplifier; horizontal, 100 MHz per 
division. 6939 mixer output, left, with 100 mW local-oscillator power, 400 mW PEP drive and 240 
mW PEP output on 432 MHz. 2C39 output, right, with 10 watt PEP output on 432 MHz. 

mixer performance 
A few words concerning spurious 

mixer outputs are in order. The diagram 
in fig. 4 describes the spurious and IMD 
evaluation tests for 50 MHz excitation. 
Directly at the mixer output the local 
oscillator is suppressed 15 dB and the 
image is down 32 dB (see fig. 4). A t 
the output of the first gain stage local 
oscillator feed thro ugh is suppressed 45 
dB and the image is down more than 60 
dB. 

If 28 MHz excitation were chosen, at 
the output of the first gain stage the local 
oscillator would be suppressed 25 dB, and 

the image would be 50 dB clown. Con 
sidering the power level and typical off-
resonance antenna efficiencies these 
numbers are adequate. With excitation 
below 28 MHz an interdigital filter such 
as the one described by W2CQH1 should 
be used between the mixer and the first 
linear gain stage. With an interdigital filter 
in the system an excitation frequency as 
low as 9 MHz wi l l provide spurious 
suppression superior to that obtainable 
wi th 28 MHz excitation without the 
fi lter. 

The IMD performance of the 6939 
mixer at various power levels is sum-

local osci l lator 
two- tone drive 
432-MHz ou tpu t 
3rd-order I M D 

100 mW 
40 mW PEP 
28 mW f-'EP 

-40 dB 

local osci l lator 
two - tone dr ive 
432-MHz ou tpu t 
3i d-order I M D 

100 mW 
240 mW PEP 
160 mW PEP 
-29 dB 

local osci l latoi 
two- tone dr tve 
432-MHz ou tpu t 
3 'd-oider I M D 

100 mW 
400 mW PEP 
24 0 mW PEP 
-23 dB 

fig. 6. 6939 mixer intermodulation distortion at various power levels. 
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432-MHz drive 28 rnW PEP 
432-MHz output 1 W PEP 
3rd-order IMD -30 dB 

432-MHz drive 160 mW P E P 
432-MHz output 6 W PEP 
3rd-order IMD -24 dB 

432-MHz drive 240 mW P E P 
432-MHz output 1 0 W PEP 
3rd-order IMD -20 dB 

fi9. 7 . 2 C 3 9 a m p l i f i e r i n t c r m o d u l a t i o n d i s t o r t i o n tests. T h e s e tests were run s i m u l t a n e o u s l y w i t h the 
6939 mixer test shown in fig. 6. 

marized in fig. 6. The 6939 mixer, when 
operated according to table 2, with 240 
mW PEP 50-MHz drive, is capable of 150 
mW PEP output; IMD under these condi-
tions is 30-dB down. 

A chassis layout for the 6939 mixer is 
shown in fig. 8. If you use all new 
components in the construction of the 
mixer, total cost will be less than $20. 
The 6939 tube, the most expensive part, 
lists at $12. 

linear amplifiers 
Depending on the amount of power 

you want to put on 432 MHz, the linear 
amplifier can take any of the forms 

6939 linear amplifier for 432 MHz. 

shown in fig. 9. This chart shows various 
vacuum-tube combinations for power 
level from 5 W PEP to 2 kW PEP. 

The 6939 linear amplifier stage in fig. 
10 is capable of 6 watts PEP input with 
approximately 2.6 W PEP output. This 
represents a stage efficiency of 43%. This 
design uses essentially the same circuit as 
the mixer except that the cathode is 
directly grounded, an external bias port is 
provided for the grid, and the screen is 
fed from a regulated source (to improve 
linearity). Mechanically, the 6939 mixer 
and amplifier layouts differ only by three 
holes, so both chassis plates may be 
drilled simultaneously. Table 3 lists the 
typical operating parameters of the 6939 
amplifier. 

the 2C39 
I compiled a good deal of information 

about the operation of the 2C39 family. 
Older tubes such as 2C39s and 2C39As, 
and used tubes of newer varieties, offer 
an interesting bonus: they may be oper-
ated as zero-bias triodes. New 2C39Bs, 
3CX100A5s, etc., require some bias to 
achieve reasonable plate currents. While 
best linearity and maximum output 
power occur when the tubes are idled at 
approximately 60% of their rated dissipa-
tion (60 W), they may be idled as low as 
15 watts with reduced power output. 

Under zero-bias conditions this dissipa-
tion range typically corresponds to a 
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plate voltage range of 350 to 700 Vdc 
and output powers from 4 to 30 watts 
PEP. The gain of the tube varies about 1 
dB between these two voltage extremes 
with the higher gain at the higher oper-
ating voltage. Table 1 and fig. 11 detail 
the typical properties of the 2C39 family. 
The dc operating parameters of the 2C39 
stage used earlier (in the IMD and 
spurious products evaluation) were, 
Eb = 400 Vdc, lb = 60 mA, plate dissipa-
tion = 24 watts. Spurious and IMD char-
acteristics of this 2C39 amplifier are 
summarized in fig. 7. 

Since the 2C39 amplifier I used to 
compile the 2C39 data uses a surplus 
cavity, no actual homebrew amplifier is 
described in this article. However, several 
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fig. 8. Layout template for 6939 mixer (fig. 2) 
and linear amplifier (fig. 10). For the mixer 
circuit omit holes for C9 and C IO. For the 
linear amplifier omit the local-oscillator input. 
Hole sizes; A, 0.140"; B, 0.250"; C, 0.375"; D, 
0.750". 

fig. 9. 432-MHz power trains for various output 
powers, in approximately 3-dB steps from 5 
watts to 2 kW. The listed powers are input; 
output power is approximately 40% of the 
input power. All configurations except the last 
( 3 C X 1 0 0 0 A 7 ) were verified by actual opera-
tional tests. 

june 1971 (jQ 13 



table 3. 6939 linear amplifier operating para-
meters. (Power dissipation approximately 6 
watts.) 

plate voltage 

plate current 

<Eb> 

( l b ) 

grid bias 

screen current 

225 Vdc 

28 mA (static) 
32 mA (dynamic) 

3.5 Vdc 

6 mA (static) 
15 mA (dynamic) 

compact 2C39 designs appear in the 
W6AJF vhf handbook.5 These circuits, 
when used with half-wave cathode-drive 
circuits, function as well as the surplus 
cavity I used in my tests. 

higher power 
The 4X150A and 4CX250B pave the 

way to higher power on 432 MHz. Both 
tubes, when properly used, exhibit rela-
tively high power gains (see table 1). The 
4X150A is capable of approximately 200 
PEP input at 432 MHz while the 4CX250B 
is capable of 500 W PEP input. 

In keeping with the philosophy of this 
article, good design practices will be 
discussed first. This will allow you to 
examine your present 432-MHz gear and 
make the necessary modifications. 

The first consideration is that of driv-
ing the tube. To start with, avoid using a 
large grid compartment as this may lead 
to many problems. Much of the rf drive 
may find its way into resistors, filament 
transformers and other dissipative struc-

Surplus 2C39 cavity used in the 432-MHz tests. 

tures within the compartment. Another 
problem which tends to plague large grid 
compartments is that of multimoding. 
When the size of the grid compartment 
happens to coincide with certain pre-
ferred dimensions the entire compart-
ment may act as a resonator. Usually the 
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fig. 10. 6939 linear amplifier operates at 43% efficiency. Inductors for this stage as shown in fig. 3; 
layout is in fig. 8. Operational data for this stage Is listed in table 3. 
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result is multiple tuning peaks and erratic 
grid-network behavior. Incidently, multi-
mod ing is also a problem in plate tank 
compartments which are too large. It is a 
good rule of thumb to keep two dimen-
sions of the box well below one-half wave 
at the operating frequency to eliminate 
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fig. 11. Zero-bias operation of tubes in the 
2C39 family. T o prevent excessive dissipation, 
bias should be used if the tube operates to the 
right of the dashed line. 

calculated from the equation: 

i x c 0 = Tan" 
-o 

where X c is the capacitive reactance {25 
ohms) and Z 0 is the characteristic im-
pedance of the cavity. For the coaxial 
arrangement used here Z Q is given by the 
equation: 

ZQ = 138 log- (2) 

where b is the inside diameter of the 
outer conductor and a is the outside 
diameter of the inner conductor. K 7 U N L 
provided design data for other types of 
resonant lines in a recent article in ham 
radio.6 

Choosing an inner conductor diameter 
of 3/4 inch and the outer conductor 
diameter of 1-1/2 inch, Z Q is approxi-
mately 41 ohms. Running this through 
eq. 1 yields 31.4°. Proportion will pro-
vide the physical length of the line: 

multimoding (at 432 MHz this corre-
sponds to approximately 13.5 inches). 

grid circuit 

Eimac engineers, when designing the 
SK610 socket, were kind enough to 
provide a means of fastening 1-5/8-inch 
tubing to the grid side of the socket, 
thereby allowing you to make a grid 
cavity. Since 1-1/2 inch copper plumbing 
pipe makes a snug fit to the base of the 
socket it's easy to make an efficient grid 
cavity. 

You must now decide whether to use a 
1/4- or 1/2-wave grid cavity. (Eimac 
Application Bulletin no. 14 gives many 
fine examples of 1/2-wave grid structures 
which are efficient and simple to con-
struct.) In the amplifier discussed here a 
somewhat different approach to a 1/4-
wave structure is taken. 

The input reactance of the 4X150A , 
4CX250B series of tubes is in the vicinity 
of 25 ohms capacitive. The length of the 
grid circuit in electrical degrees may be 

_31.4C 

360° 
/ 

T 
(3) 

where A = 69 cm. (Equivalent wavelength 
for 432 MHz is 69 cm.) Therefore 1 = 6 
cm or 2.3 inches. Unfortunately, this is a 
bit short and as yet there is no way of 
tuning the grid circuit. This verifies pre-
vious comments about quarter-wave lines 
being severely forshortened by high capa-
citance grid structures. 

Front-panel layout of the 432-MHz power 
amplifier. Circuit is shown in fig. 12. 

• • 
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loading capacitor. 0.4-8 pF 
piston (JMC1802 may be used) 
homemade capacitor used in 
amplifier in photos 

air disc capacitor. 1-3/4" diam-
eter, 1/8" thick brass disc 
soldered to 3Vj" length of 
3/4" diameter threaded bronze 
pipe. Pipe is mounted through 
threaded bronze flange (avail-
able at plumbing supply) (see 
fig. 13) 

1" diameter, 1/8" thick brass 
disc capacitor (see fig. 15) 

C9 

L I 

L2 

L3 

R F C 1 

RFC2,3,4,5 

1-1/4" length 1/4" brass rod 
soldered to BNC connector, 
braced with 1/4" Tef lon rod 
(see fig. 13) 

grid cavity (see fig. 13) 

copper plate line (see fig. 15) 

copper output strap (see fig. 15) 

8 turns no. 22 enameled wire 
closewound on 1/8" form 

8turns no. 20 Teflon-insulated 
solid wire closewound on 3/8" 
form 

fig. 12. 432-MHz linear amplifier stage using a 4X150A or 4CX250B. Alternate output coupling at 
A. Screen bypass capacitor is part of tube socket. 
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fig. 13. Tuned grid circuit for the highpower 432-MHz linear amplifier. 

16 Q S j u n e 1971 



table 4. 4 C X 2 5 0 B linear operating parameters. 
For the 4 X 1 5 0 A , maintain 6-volt filament 
voltage and adhere to manufacturer's reduced 
ratings for uhf service. 

power input 3 7 5 W 5 0 0 W 

plate voltage <E b ) 1 5 0 0 V d c 2 0 0 0 V d c 

screen voltage < E C 2 > 3 5 0 V d c 3 5 0 V d c 

grid voltage <Eca> - 5 5 V d c - 5 5 V d c 

plate current db) 1 0 0 mA 1 0 0 mA (static) 
2 5 0 mA 2 5 0 mA (dynamic) 

screen current ( l C 2 ) 8 m A 5 m A 

At this point, you would probably be 
tempted to install a variable capacitor 
across the high-voltage end of the line to 
tune it. This is undesirable as it would 
further shrink the already forshortened 
line. The solution to the tuning problem 
is a series variable capacitor between the 
grid and the line. Two parallel discs 2.5 
cm (1-inch) diameter, spaced 1/2 cm 
apart exhibit approximately 9 pF capaci-
tance. Using the equation for series 
capacitors 

J _ 
C t 

1 + 1 
C1 C2 

J _ 
C n 

(4) 

The total capacitive reactance across the 
line is approximately 60 ohms. With 60 
ohms as a basis, the recomputed line 
length (using eq. 1 and 3) is 4 1/4 inches. 
This is a reasonable length, and the grid 
resonator is now tunable. 

High-power 432-MHz amplifier. 

The overall length of the grid line is 
increased to 5 inches to account for the 
1 cm spacing between the plates, the 
thickness of the plates (approximately 
1/4 inch) and any non-computed second 
order effects (see fig. 13). Remember, if 
the line is slightly longer than necessary it 
may easily be shortened; however, if the 
line is too short to begin with you will 
have trouble trying to stretch it! 

Another interesting problem associ-
ated with these tubes is the matter of 
forced-air cooling. In linear service it is 
advisable to use maximum recommended 
plate voltage to obtain maximum linear 
power output. Under these conditions the 
tube runs hot, and cooling it requires large 
amounts of air — provided by a moder-
ately large fan or a smaller one operating 
at high speeds. Large fans are expensive 

SCRCCNCD vcur 

fig. 14. Air flow in the 432-MHz amplifier. 

and bulky while small high speed ones are 
noisy. However, if you pressurize the 
plate compartment, disregard the conven-
tional chimney and provide an exhaust 
passage from the anode radiator to the 
outside world (see fig. 14), the back 
pressure on the fan is considerably re-
duced. Under these conditions, the tube 
operates reasonably with a 3-inch 
3600-rpm squirrel-cage fan at a pressure 
drop of 1.30 inch. This provides an added 
bonus in that the plate-tank components 
are air cooled; therefore the amplifier is 
free of resonance drift associated with the 
thermal expansion of the tank circuit. 

The plate tank enclosure is made from 
1/8-inch 2024-T3 aluminum stock with 
1/2 x 1/2 x 1/8-inch aluminum angle at 
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fig. 15. Layout details of the high-power 
432-MHz power amplifier (fig. 12). Construc-
tion of capacitor C7 is shown at right. 

the corners. The plate tank circuit is a 
conventional half-wave line. Output 
coupling may be accomplished with equal 
efficiency through inductive or capacilive 
probes as shown in fig. 12. Operating 
parameters are given in table 4. 

filament voltage 
Normally you reduce filament voltage 

at uhf to compensate for back bombard-
ment of the cathode. Fortunately, back 
bombardment is minimized under the 
condition of linear operation. The usual 
criteria (i. e. minimum grid bias, high 
screen voltage and low grid drive) which 
minimize back bombardment are en-

(Wfo-ri/fir mwa•», 
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Plate compartment of the 432-MHz power amplifier. 

fig. 16. 127-MHz local oscillator uses Inter-
national Crystal O E 1 crystal oscillator with 
two-stage amplifier. Value of R1 is selected to 
give proper operating voltage for the OE1. 

L 2 
L 3 

MCWE THAN 
I WATT OUT 

6 turns no. 18, spaced one 
diameter, on 3/8 " form 
1 jUH choke 
3 turns no. 16 enameled close-
wound on 1/2" form 
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forced in linear service. At the same time, 
in linear ssb service, the duty cycle of the 
amplifier is significantly less than 100% 
thereby further reducing back heating. 

Consequently, the filament voltage is 
maintained at the normal 6V. Should you 
desire to operate this amplifier class C, 
you must remember to reduce the fila-
ment voltage accordingly. However, there 
is no practical reason for using class C 
since you already have the most effective 
voice system available. If you wish to 
operate cw the linear wil l not deliver 
sufficiently less power than its class C 
counterpart to make bias and drive-level 
changes worth-while. 

local oscillator chain 

The solid-state local oscillator chain 
described here uses an International 
Crystal OE1 overtone oscillator at 
127.333 MHz followed by an amplifier 
(fig. 16) and tripler (fig. 17) to produce 
power at 382 MHz, which when hetro-
dyned wi th a 50-MHz ssb exciter provides 
432-MHz ssb. Other exciter frequencies 
(anything from 9 to greater than 50 MHz) 
may be used by altering the local-oscil-
lator frequency. The circuit in fig. 16 uses 
two Amperex transistors to amplify the 1 
mW OE1 output to the 1-watt level. 

The oscillator amplifier was put to-
gether on a 4 x 6-inch piece of double-
sided copper-clad board and mounted 
upside down in a 2 x 4 x 6-inch alumi-
num chassis. The 1 W output drives a 
varactor tripler which provides the 100 
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fig. 18. Layout for the 127 -MHz to 3 8 2 - M H z 
varactor tripler. Tr ipler is built on 1 / 1 6 " brass. 
Hole sizes: A , 0 . 1 4 0 " ; B, 0 . 2 5 0 " ; C, 0 . 3 7 5 " ; D , 
0.200". 

mW required for the mixer. A varactor 
tripler is used wi th the contingency that 
many amateurs presently on 432 proba-
bly have a varactor tripler which could be 
tuned down to the local-oscillator fre-

rh m 

C 1 , C 2 2.7-19.6 p F ( Johnson 160-110} 
C 3 , C 4 , C 6 0.9-7.0 P F p is ton ( J F D V C 1 G ) 
C5 g imm i c k . N o . 20 wire, tw is ted, 

1 " long 
L I 7 tu rns no . 18, spaced 1 w i re 

d iameter , 3 / 8 " f o r m 

L 2 2 turns no . 18, spaced 1 w i re 
d iameter , 3 / 8 " f o r m 

L 3 . L 4 ha i rp in made f r o m 2 " length 
of no. 18 wi re . Ha i r p i n 7 / 1 6 " 
w ide , 7 / 8 " long 

D1 A m p e r e x H 4 A or equ iva lent 

fig. 17. Varactor tripler is used wi th 127 -MHz 
local oscillator (fig. 16) to provide injection at 
382 M H z . Layout for this circuit is shown in 
fig. 18. 

quency, thereby saving a component. An 
equally adaptable vacuum-tube local-
oscillator chain appeared in an article by 
K6JC.1 

summary 

Now that we have discussed the mixer, 
linear amplifiers and local oscillator 
chains as well as spurious and intermodu-
lation distortion we have reached a point 
where everything needs to be put into 
perspective. The eight power trains shown 
in fig. 9, when properly operated, give 
IMD figures greater than 20 dB. In each 
case, spurious outputs were checked wi th 
the aid of a spectrum analyzer and found 
to be adequately supressed (typically 
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greater than 40 dB for local-oscillator and 
image products). Power trains with two 
linear stages offer even greater spurious 
suppression. 

Assuming tubes of reasonable quality 
the eight power trains in fig. 9 have a gain 
margin of 2 dB; that is, the amplifiers 
could produce up to 2 dB less than the 
maximum gain in table 1 and the circuits 
would still function adequately. The gain 
margin drops slightly more than 1 dB for 
excitation below 30 MHz. This is due to 
the insertion loss of the interdigital band-
pass filter. Unlike the case of class-C 
amplifiers, if you fall short in gain by 
more than the margin, the system would 
still deliver a valid output but at a 
reduced level. This is because there is no 
drive threshold in linear amplifiers at 
which output suddenly falls off. 

Varactor tripler provides output at 382 MHz 
with 127-MHz drive. 

A power train using a 3CX1000A7 
triode in grounded-grid linear service is 
described by W6SAI. This amplifier 
should easily be able to run one to two 
kilowatts PEP input. Although this parti-
cular configuration has not been verified 
by actual tests, calculations indicate that 
the 4CX250B should be capable of 
driving the high-power amplifier with 
ease. 

Needless to say, there are more ex-
pensive tubes which will serve as excellent 

linear amplifiers at 432. There are also 
tubes which will operate satisfactorily at 
reduced input at this frequency. How-
ever, keeping in mind the philosophy of 
this article, I have endeavored to select 

Construction of the varactor tripler. 

the most economical tubes which are not 
on the verge of losing steam at 432 MHz. 

I would like to thank the Microwave 
Instruments Division of A IL for per-
mitting the use of their newly developed 
microwave spectrum analyzer as well as 
other rf test equipment. I would also like 
to thank R. Kandle, K2RIW, for his 
comments and suggestions concerning the 
text. Thanks are also extended to W. 
Doesschate of Amperex Corporation and 
Bill Orr of Eimac Division of Varian for 
the i r valuable technical assistance 
throughout the course of this project. 
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solid-state 

carrier-operated relay 
and 

call monitor 

Here are 

two simple 

but effective 

circuits to enhance 

fm operation 

to 
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After the initial fascination of operating 
in the fm mode has worn off, the more 
technically adventurous want to add 
gadgets and refinements to their equip-
ment. Preamps are popular; others go the 
route of tone calling, etc. Still others try 
the carrier-operated relay (COR), using it 
to trigger a tape recorder or activate a 
monitor for their private channel. 

At this station I wanted to try some 
solid-state COR circuits and began experi-
menting with mockups using bipolar 
transistors (fig. 1). One of the problems 
encountered in using conventional tran-
sistors with a tube-type receiver was the 
undesirable loading effect introduced 
when the COR was attached to an i-f grid 
or to the squelch dc amplifier. Operation 
(especially in the squelch circuit) was 
upset considerably. By prefacing the relay 
driver with an fet (which has a very high 
input impedance) it is possible to attach 
the unit to the receiver without disturb-
ing results. 
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carrier-operated relay 
The COR shown in fig. 2 has been 

tried in a number of Motorola Sensicon A 
and G model receivers and seems to work 

-»VDC 

best when attached to the grid of the last 
i-f amplifier <455 kHz). Referring again to 
fig. 2, a negative voltage at point A of 
approximately 3.5 volts or greater will 
stop the fet from conducting and allow 
the voltage at the base of the transistor to 
rise. When this occurs, the transistor wil l 
conduct and pull in the relay. Typical 
swing in the Sensicon G receiver at the 
grid of the last i-f amplifier is from -1 volt 
with no signal to -4 volts with a 1 /uV 
signal. 

call monitor 

Illustrated in fig. 3 is a call monitor 
that wil l latch on and give an indication 
that a carrier has appeared on a channel. 
Experiments have indicated that the 
monitor is best attached at the grid of the 

dc amplifier in the squelch circuit. This is 
necessary because the monitor should be 
biased positively in the NO CALL mode 
to prevent noise from inadvertently 
triggering the 3N84. Typical voltage 
change in the Sensicon G at the grid of 
the dc amplifier is from about +3 volts 
with no signal to -3 volts with a 0.5 juV 
signal. Operation of the fet stage in the 
monitor is similar to that of the COR 
circuit. Once the 3N84 is triggered, how-
ever, it will continue to conduct and 
operate the Sonalert until the anode 
circuit is broken. A suitable low-current 
bulb could be used in place of the 
Sonalert as an indicator is desired. 

fig. 2. COR circuii using high-impedance-input 
fet ahead of the relay driver. Circuit works best 
when inserted at the grid of the last i-f in 
Motorola Sensicon A and G receivers. 

Although the ideas in these circuits are 
certainly not new or original, it is hoped 
they wil l prompt some experimentation 
and building along these lines. Thanks go 
to Reg (VE4RW) for assisting in the 
wiring and testing of the circuits. 

ham radio 

fig. 1. Carrier-operated relay using bi-
polar transistors. This circuit tends to 
load down the i-f amplifiers and squelch 
in tube-type receivers. 

fig. 3. Call monitor that in-
dicates when a carrier is on 
frequency. Experiments in-
dicate that the monitor works 
best when attached at the grid 
of the dc amplifier in the 
squelch circuit. 
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one-man 

antenna matcher 

A sensitive swr bridge 

and milliwatt signal source 

are featured 

in this compact instrument 

The adjustment of an antenna matching 
section (T-match, gamma, etc.) is usually 
a two- or three-man job — one at the 
antenna, one at the transmitter, and 
possibly a third to relay information. 
Because the matching adjustment involves 
the transmitter, some means must be used 
to reduce its output while carefully pre-
venting overload of the final-amplifier 
tubes, particularly in many of today's rigs 
using TV sweep tubes. The radiation of 
considerable rf energy, necessary to give 
meaningful indications on swr meters 
such as the Monimatch and the wattmeter 
types, causes interference on already 
crowded bands. 

The instrument described here elimin-
ates all these problems. It's completely 
self-contained, weighs about a pound, and 
radiates only 0.1 watt maximum. One 
man at the antenna-matching section does 
the whole job; no assistants are needed, 
and the station transmitter is not used. 

description 
The instrument consists of a resistance 
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bridge and transistor amplifier (fig. 1) and 
an rf signal source (fig. 2). The signal 
source, constructed of readily available 
modular units,* can be put together in 
minutes. 

Unlike the Monimatch, this instrument 
isn't frequency sensitive. One hundred 
mW will drive the meter to full-scale 
deflection on 10 through 80 meters. 

The bridge uses 1/2-watt composition 
resistors. Resistor Rs, which determines 
impedance, must be close to the desired 
value for your equipment (e. g., 52 ohms 
for most transmitters and transmission 
lines). Bridge-arm resistors R1 and R2 
must be closely matched, although their 
exact value isn't critical. 

R3 and R4 should be close in value if 
comparable input and output readings are 
to be obtained. Likewise, diodes CR1 and 
CR2 (1N34A's) should be closely 
matched. 

Capacitors are disc ceramics. The 
2N107 transistor has medium gain and 
works well with a 1.5-volt dry cell. A 
lower-gain device may require 3 volts to 
give full-scale meter deflection. Polarities 
shown are for a pnp transistor; an npn 
can be used by reversing supply polarity. 

Switch S1 is a 2-pole, 3-position 
switch. A rotary type or a slide switch 
with center position off can be used. 

§ bridge construction 
The bridge, meter, and transis-

tor amplifier are contained in a 
5 -1 /4x3x2-1 /8 inch aluminum mini-
box. The shielded compartment may be 
made from heavy aluminum or flashing 
copper. The shield is in the form of a 

•International Crystal Mfg. Co., 10 North 
Lee, Oklahoma City, Oklahoma 73102. The OX 
oscillator is $2.95; the PAX-1 amplifier is 
S3.75. Both in kit form. 
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Z-bracket, which is attached to the end 
wall of the minibox. The shield shown in 
the photo was made from two pieces of 
1-inch aluminum angle stock fastened 
together to form a Z. 

Shielding and parts assembly of the 
bridge are important. The only elements 
within the shield compartment are resis-
tors Rs and R2, which are mounted at 
right angles to each other. A piece of 
RG-58/U cable is connected between the 
SO-39 chassis connector at the opposite 
end of the box and an insulated stud 
within the shielded compartment. The 
center conductor is connected to the stud 
and the shield braid to a ground lug next 
to the stud. 

Connections to the remaining bridge 
elements are made through clearance 
holes in the rear wall of the shield. Short 
leads are required up to and including the 
point at which R3 and R4 are connected. 
The usual soldering precautions are sug-
gested, and the use of heat sinks (long 
nose pliers, etc.) is recommended. The 
layout of the other parts is not critical 
and follows a logical sequence. If the box 
size and layout shown are followed, be 
sure the meter doesn't extend inside the 
box by more than 7/8 inch exclusive of 

terminals. Note that the S0239 output 
connector and the insulated stud are 
centered close (11/16 inch) to the open 
side of the minibox. 

After assembly and wiring, and with 
the battery in place, it will be noted that 
a small reading (a few microamps) will be 
indicated on the meter with the switch in 
either the FWD or R E F position. This is 
the "no-signal" current of the transistor 
and is the "zero" indication of a perfect 
match when the bridge is in use. 

fig. 1. Schematic of the bridge circuit and 
transistor amplifier. Matched pairs are recom-
mended for R1, R2; R3, R4; and C R 1 , C R 2 
(see text). 

fig. 2. Signal source and amplifier. Units are 
available in kit form; easily assembled. 

signal source 
The OX Oscillator uses an E X Crystal 

of the frequency at which the antenna 
matching is to be accomplished. The 
OX — PAX-1 combination can be made 
to function over two adjacent ham bands 
by changing crystals and repeaking the 
coils. The OX - PAX-1 will put out up to 
200 mW, which is more than enough to 
drive the bridge. The units are assembled 
in the same size minibox as the bridge. A 
much smaller box would accommodate 
the signal-source units, which are only 
1-1/2 inch square, but it was desired to 
mount the battery, consisting of eight 
penlight cells inside the box, requiring the 
extra space. 

Note that a double -pole switch is used 
to turn off both the 6- and 12-volt lines. 
Disabling only the negative line will result 
in a battery drain in the O F F position 
(between the 6- and 12-volt taps). 

The rf generator may be connected to 
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the bridge by a double male adapter or by 
a length of RG-58/U cable if the rf unit is 
placed in your pocket. 

The connection between the bridge 
and the antenna matching section must 
be as short as possible. The matching 
section can terminate in a female con-
nector such as the SO-239, or a couple of 
inches of RG-8U and a PL-259 could be 
used. If the SO-239 is used, the bridge 
should be connected to it by a double 
male adapter. 

checkout 
Before using the equipment for match-

ing or swr measurements, the bridge 
should be tested. Solder a 52-ohm resistor 
into a PL-259 connector as a dummy 
load, and insert it in the output con-
nector of the bridge. 

With the rf generator connected to the 
input of the bridge, position the switch to 

Signal-generator portion showing Inter-
national Crystal Co. kit modules. Power 
supply consists of 8 perilight cells. 

IVI m mi I 

•rase* 

FWD, and adjust the sensitivity control 
for a 1-mA reading on the meter. Posi-
tioning the switch to R E F should reduce 
the meter reading to zero. If the meter 
doesn't drop to zero, bridge arms R1 and 
R2 are not equal, Rs is not 52 ohms, or 
coupling exists between the bridge 
elements. 

If this test is satisfactory, remove the 
dummy load, and with the output open-
circuited, adjust the meter reading for 1 
mA in the FWD position. With the switch 
in the R E F position, a 1-mA reading 
should be obtained. Repeat this last test 

Bridge and meter portion of the antenna 
matcher. Shielding and parts placement are 
important. Power is supplied by a 1.5-volt dry 
cell. 

with the output shorted by a very short 
wire, resetting the meter to 1 mA in the 
FWD position. It should read 1 mA in the 
R E F position. 

Slight resistor and diode variations 
may make such correlations not quite as 
exact as indicated, but such differences 
should not exceed a few microamps. 

calibration 
If accurate swr measurements are to be 

made, the meter should be calibrated by 
using resistors of two, three, and four 
times the value of bridge resistor Rs. 
These resistors should be soldered into a 
PL-259 connector for such calibrations. 

acknowledgement 
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audio age 
principles 

and 
practice 

Audio age 

has many uses in 

amateur equipment — 

this article describes 

and presents 

a practical circuit 

This article should provide you with 
sufficient information to build a simple 
audio age circuit, understand its opera-
tion, and integrate it into your particular 
application. 

Age stands for automatic gain control; 
audio age is a means of equalizing weak 
and strong signals and prevents overload 
and distortion in the age amplifier and 
following stages when strong signals ap-
pear at the input. Fig. 1 shows a widely 
used age circuit in block form. Signals 
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pass through the control element and are 
amplified to a level sufficient to be 
detected; the detector output is a dc 
voltage which increases when the input 
signal gets larger and decreases when the 
input signal gets smaller. This dc control 
voltage is fed back to the control element 
which attenuates the signal in proportion 
to dc control-voltage amplitude. The 
overall effect is that the output signal 
amplitude remains relatively constant as 
the input signal amplitude varies over a 
wide range, thus providing high gain for 
weak signals and low gain for strong 
signals. Manual gain control should al-
ways follow the age circuit to adjust its 
relatively constant output to a level suit-
able for the following circuits. 

applications 
One of the most useful places for 

audio age is between the microphone and 
transmitter. The age circuit not only 
prevents overmodulation when speaking 
loudly into the microphone, it also 
minimizes decreases in modulation when 
voice level drops or the microphone is 
moved away. Once the manual gain con-
trol is set, no further attention should be 
required. 

The current interest in direct-conver-
sion receivers has brought another ap-
plication for audio age to mind. Several 
articles have been published describing 
these simple receivers, but few, if any, 
include any form of age. Since most, if 
not all, of the gain of these receivers is 
provided in the audio amplifier, this 
would be the logical place for an age 
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circuit. Audio age would prevent distor-
tion and ear fatigue caused by strong 
signals. 

Other uses include telephone ampli-
fiers and tape recorders. Audio age is also 
a deterrent to audio howl or feedback 
common in public-address systems; the 
howl appears as a signal to the age circuit 
which then reduces gain to control it. 

age vs clippers 
Speech clippers are not uncommon in 

transmitters and usually include two 

bring the signal up to the level required to 
forward bias a diode. The age. circuit 
requires no low-pass filter for the signal 
but needs a detector and control element. 
The advantages of a clean signal with 
almost constant amplitude should be 
weighed against the slight increase in 
complexity of an audio age circuit. 

age characteristics 
There are practical limits to the per-

formance of any circuit, and conflicting 
requirements often dictate compromises 

fig. 1. Block diagram of 
a basic age circuit. m 

diodes which clip the positive and nega-
tive excursions of the audio signal when 
its amplitude reaches a certain level. Such 
clipping circuits can prevent over-modula-
tion, but they have two shortcomings 
compared to audio age. When a speech 
clipper is limiting the audio signal, it is 
also distorting it and producing harmonic 
frequency components not present in the 
original speech signal; this distortion de-
creases intelligibility. Filters following the 
clipper do not remove harmonics of the 
lower speech frequencies which fall 
within the passband of the filter. In 
addition to distortion, the clipper circuit 
provides no increase in gain if the audio 
signal falls to an unusually low level; this 
does not improve intelligibility either. 

Audio age circuits do not have to 
introduce distortion to perform their 
function. They can be designed to hold 
output constant within a few dB while 
the input varies over a range of 60 dB or 
more. 

You may think that clipping circuits 
have the advantage of simplicity but this 
argument is rather thin. Both techniques 
require an amplifier with enough gain to 

in design goals. The following paragraphs 
describe the important characteristics and 
limitations of audio age. 

At extremely low input signal levels, 
the age amplifier does not have sufficient 
gain to cause the detector diode to 
conduct; therefore the dc control voltage 
is zero, and the control element does not 
attenuate the signal. As the input signal is 
increased the age amplifier output voltage 
increases linearly until the detector diode 
begins to conduct and produce a dc 
control voltage; this point is called the 
age threshold because it is the point at 
which age action begins. 

Input signals below the age threshold 
are amplified linearly, and input signals 
above the threshold are amplified or 
attenuated as needed to hold the output 
voltage constant. The age amplifier gain 
can be increased until the threshold is so 
low that age action occurs with circuit 
noise. This assures age action on the 
lowest usable signal, but the signal-to-
noise ratio of larger signals will be seri-
ously degraded. 

If amplifier gain is increased without 
discretion the dynamic range of the 
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control element may be exceeded with 
only moderately strong signals, causing 
overload and distortion. Amplifier gain 
must be selected so that the threshold is 
at the optimum point with respect to 
expected input signal levels and accept-
able signal-to-noise ratio. 

Attack time is the time required to 
reduce the gain when a strong signal 
suddenly appears at the input. It is 
important that attack time be relatively 
fast so that gain can be reduced before 
distortion occurs. This parameter is 
highly dependent on the charging time of 
the filter capacitor in the detector circuit. 

Release time is the time required to 
increase gain when a strong signal is 
suddenly removed from the input. This 
time is relatively long, on the order of 
one second, so that gain does not fluctu-
ate between words and syllables. Release 
time is controlled primarily by the dis-
charge time of the detector's filter 
capacitor. 

Distortion is an important parameter 
in any audio system. A well designed 
audio age circuit should not show any 
significant distortion of output waveform 
when viewed with an oscilloscope. 

practical circuit 
There are many configurations and 

variations used to accomplish audio age. 
Discussion of all these techniques is 
beyond the scope of this article, so 
attention will be focused on one type of 
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circuit which I consider to be easily 
reproducible. 

Bipolar and field-effect transistors 
have wide variations of parameters in 
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fig. 3. Voltage-controlled attenu-
a tors. A shows a one-section at-
tenuator; two- and three-section 
attenuators are shown in B and C. 

devices of the same type. However, the 
forward-bias characteristics of silicon 
diodes are relatively uniform. Therefore, 
diodes are desirable for use as control 
elements if circuit reproducibility with-
out selected devices is important. 

Fig. 2 shows the forward voltage vs 
current for a 1N914 silicon diode. At 
forward bias levels less than 0.3 volt the 
diode is essentially off and has a very high 



resistance. As forward bias voltage is 
increased, current begins to increase more 
and more rapidly, and the diode exhibits 
less and less resistance. Thus, the diode 
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fig. 4. Response of one-, two- and 
three-section voltage-controlled 
diode attenuators. 

can function as a voltage- (or current-) 
controlled resistor. 

If the amplitude of the ac signal across 
this voltage-controlled resistor is kept 
small, resistance changes due to signal 
amplitude wil l be small, resulting in low 
distortion. The resistance shown by the 
diode to a low-level ac signal is called the 
dynamic resistance and is the reciprocal 
of the slope of the curve at any point. 
The slope of the diode's curve at 0.45 
volt bias is approximately 1.1 milli-
ampere-per-volt, and the dynamic resist-
ance is about 910 ohms; at a forward bias 
of 0.55 volt, the slope and dynamic 
resistance are about 11 milliamperes-per-
volt and 91 ohms, respectively. 

A schematic of a single-section volt-
age-controlled attenuator using two 
1N914 diodes is shown in fig. 3A. R1 acts 
as the series element of an L attenuator; 
CR1 and CR2 form the shunt element. 
C1 prevents control current from flowing 
in the input circuit; C2 bypasses the 
current limiting resistor, R2, out of the 
signal circuit. No dc control current 
should be allowed to f low in the output 
circuit. 

Figs. 3B and 3C show two- and three-
section attenuators, all sections being the 
same. Data taken on these attenuators is 
plotted in fig. 4. The input signal from a 
1-kHz 600-ohm generator was held con-
stant at 100 millivolts rms, and output 
signal voltage was plotted vs dc control 
voltage (from a power supply). Output 
waveform was monitored on an oscillo-
scope, and no significant distortion was 
detected. 

The single-section attenuator appears 
to approach a l imit of about 40 dB 
attenuation, indicating a minimum shunt 
resistance on the order of 50 ohms. More 
than 60 dB of attenuation is available 
from either the two-or three-section cir-
cuit. The two-section attenuator was 
judged to offer the best compromise 
between performance and number of 
components. Accurate readings below 
100 microvolts were dif f icult because of 
noise. 

If the two-section attenuator is fol-
lowed by an amplifier having a voltage 
gain of 1000 <60 dB) the overall gain of 
the composite circuit could vary from less 
than one up to 1000, depending on the 
amplitude of the dc control voltage. Fig. 
5 is a schematic diagram of a complete 
audio age circuit. Q1, Q2 and Q3 make 
up the amplifier portion; CR5 is the 
detector. Q4 is a dc amplifier and 09 is 
the age filter capacitor. The ratio of R9 
to R7 determines the closed-loop voltage 
gain of the amplifier, which is 1000. If 
R7 is shorted the open-loop gain is about 
56,000 (95 dB). 

Amplif ier bandwidth extends from 
150 Hz, determined by C4, to 15 kHz, 
determined by C6. Other bandwidths can 
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be obtained by changing the values of 
these capacitors; the usual 300 to 3000 
Hz communications bandwidth is ob-
tained by using .01 nF for C4 and .05 nF 
for C6. R5, R10 and R1 f provide dc bias 
stabilization, and C5 prevents signal feed-
back via this path. Power supply drain is 
about 7 miiliamperes. The transistor 
types in parenthesis are epoxy devices 
which should perform as well as the 
hermetically-sea led types. 

juV of input voltage. 
Attack time is in the neighborhood of 

40 milliseconds; release time is on the 
order of one second. Release time can be 
increased by raising the value of C9 and 
attack time can be decreased by reducing 
R12, but there will be some interaction in 
these adjustments. Some experimentation 

fig. 5. Schematic diagram of a practical audio age circuit. Complete performance characteristics are 
shown in table 1. Input/output characteristic is plotted in fig. 6. 

The input impedance of the amplifier, 
looking from C4, is about 56,000 ohms; 
this resistance and the two series resistors 
in the voltage-controlled attenuator form 
a voltage divider which reduces the maxi-
mum voltage gain of the circuit to about 
860. 

Test data on the circuit of fig. 5 is 
listed in table 1. The ratio of maximum 
to minimum gain is 1430, and the maxi-
mum amount of harmonic distortion was 
measured at less than 2.5%. Data is 
omitted where the signal was too small to 
be measured with reasonable accuracy. 
Input voltage vs output voltage is plotted 
in fig. 6. This graph shows that age 
threshold occurs at approximately 300 

should disclose the optimum values for 
these components. I have observed that 
when attack time is decreased below a 
certain point the circuit oscillates at 
about 1 Hz. This behavior has not been 
investigated to my satisfaction, but it is 
corrected by increasing R12, or by raising 
the amplifier's lower cutoff frequency 
(decreasing C4). 

using the age circuit 
Successful incorporation of this circuit 

into an audio system depends heavily on 
proper interfacing at the input and out-
put. If the age circuit is inserted between 
the microphone and transmitter an at-
tenuator should be placed between the 
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age output and the transmitter's mike 
input. The maximum age output, nomin-
ally 0.5 volt, should be reduced to the 
order of one millivolt to provide normal 
input level to the transmitter. 

Circuits connected to the age output 
should not appreciably load the 
1000-ohm output impedance, or the gain 
will be lowered. Assuming typical micro-
phone output varies from 30 juV to 10 
mV as sound level changes then a large 

a microphone output of 30/uV. Assuming 
the preamp had the same equivalent input 
noise as the age circuit the noise output 
from the age circuit would be about 10 
times higher or 22 mV. This would still 
provide a minimum signal-to-noise ratio 
of more than 20 dB in the age range. 

If the audio age circuit is used with a 
simple receiver the receiver's audio should 
be amplified or attenuated to a level 
consistent with good age action and 

fig. 6. Input vs out-
put of age circuit 
shown in fig. 5. 
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portion of the lower level sounds would 
not be within age range. If more complete 
sound leveling is desired, a 20-dB pre-
amplifier could be connected between the 
microphone and the age circuit's input. 
This would have the effect of decreasing 
the input voltages in fig. 6 by a factor of 
10, and the new threshold would occur at 

table 1. Performance of the age circuit of fig. 5. 

input output voltage harmonic dc contra 
voltage voltage gain distortion voltage 
(rms) (rms) (%) (volts) 
10 JUV 8.6 m V 860 — — 

32 JUV 27.4 m V 855 — — 

100 JUV 85 m V 850 - - — 

320/XV 270 m V 843 0.04 
1 mV 360 m V 360 0.9 0.65 

3.2 mV 380 m V 119 0.9 0.81 
10 mV 4 0 0 m V 40 0.9 0.98 
32 m V 4 3 0 m V 13.4 1.2 1.19 

100 m V 460 m V 4.6 1.2 1.51 
320 mV 520 m V 1.6 1.3 2.03 

1 V 590 m V 0.6 2.4 2.95 

acceptable signal-to-noise ratio before 
feeding into the age circuit. The receiver 
volume control should be connected 
between the age output and the receiver's 
output amplifier. 

A useful item to include in the age 
circuit is a meter to monitor dc control 
voltage; this would provide a visual indi-
cation that signals are within the age 
range. Such a meter circuit should not 
load the detector dc amplifier. It has been 
found satisfactory to use a 50-juA meter 
in series with a 100,000 ohm resistor as a 
5-volt full-scale meter connected between 
the collector of Q4 and ground. 

conclusion 

This article is not intended to be an 
exhaustive study of audio age theory and 
technique, but it is hoped that it will 
assist those readers who wish to ex-
periment in this area. 
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fixing a sticky 
AR-22 rotator 

Most sticking 

AR-22 rotators 

are caused by 

the same problem — 

easily fixed 

with three rivets 

in la-in 
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Many amateurs use the CDE AR-22 
rotator with great success, especially 
where there is little cold weather or icing. 
However, in areas subject to ice storms, 
operators may experience trouble with a 
sluggish rotator, or one that only goes 
part of the way around. When the AR-22 
is strained by heavy loading, the rather 
husky motor tends to bend over the teeth 
in the drive gears. 

The three drive gears, part number 
TRA-39, consist of three thin iron gears 
sandwiched together on one spindle. 
They drive the TRA-18 ring gear which 
goes around the perimeter of the rotator. 
If one of the gears in the sandwich 
happens to be a little larger, it wi l l take 
all the strain and can wear to the point 
where the other two wi l l wear unevenly. 
When all three gears are sufficiently worn, 
they start to bind. This usually starts at 
one particular point in rotation, but 
eventually spreads to the entire 360° and 
may cause the aluminum ring gear to snap 
in two. 

The cure for this malady is rather 
simple: rivet the three stamped gears 
together. This way one gear won' t take all 
the loading, and the three gears wil l wear 
evenly. Remove the TRA-18 ring gear and 
TRA-39 drive gears (use your instruction 
book for guidance). If your rotator has 
been binding, order a new TRA-39 drive 
gear from CDE.* Even a slight bend in 
these gears will lead to eventual trouble. 

*Send all parts orders to Cornell-Dubilier Elec-
tronics, Rotor Parts Department, Desplaines, 
Illinois 60018, not to their factory in Fuquay 
Springs, North Carolina. 
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Also inspect the TRA-18 ring gear for 
damage. Wash it off in solvent and look 
carefully for hairline cracks. This is also 
an opportunity to look over the rest of 
the parts in the rotator; if any are broken 
or badly worn, replace them. 

Since each of the gears in the TRA-39 
assembly was stamped out, each has a 
slight burr on one side. Do not try to file 
them flat. When mounting them on the 
spindle be sure to place them with the 
burrs toward the bottom; otherwise the 
gear stack will be too thick. 

To drill the rivet holes in the TRA-39 
gear, mount the ring gear on a piece of 
wood with screws as shown in the photo. 
Mesh the TRA-39 with the ring gear and 
hold it in place with a section of damaged 
ring gear. The beveled heads of the wood 
screws will force the gears together and 
hold them firmly in place. Drill three 
equally-spaced holes in the TRA-39 drive 
gear. If you have a drill press, use it; it 
will insure that the holes are perpendic-
ular to the face of the gears. Use soft-iron 
rivets to hold the gears together; rivets 
3/8-inch long are just about right. The 
rivets should be snug in the drill holes for 
maximum strength. 

To drill the rivet holes, the TRA-39 
drive gear is held down with a 
TRA-18 ring gear and sawed-off sec-
tion from a damaged ring gear. The 
small crosses mark the rivet-holes 
locations. 

Remember when reassembling that the 
ring gear should be placed in position last. 
Make sure that the line stamped on the 
cam gear is parallel with the edge of the 
motor-mounting plate as shown in fig. 1. 
In this position the pulsing-switch points 
should open; rotate the gears until this 

RING GEAR SHOWN WITH 

MOUNTING PLATE WITH 
MARK ON CAM. 

fig. 1. When putting your AR-22 back 
together, the line on the cam should line 
up with the edge of the motor-mounting 
plate as shown here. The ring gear should 
be against the stop arm in the counter-
clockwise position. 

happens. The stop arm should be pushed 
to the left (counterclockwise) as far as it 
will go. In this position the stop lug on 
the ring gear should be up against the 
stop arm. 

Be sure that all the ball bearings are in 
place in the retainer spring clips. Thor-
oughly grease the gears with a good 
silicone grease such as Dow-Corning 44 or 
Lubriplate, a white lubricant available in 
many hardware stores; an 8-ounce tube is 
sufficient. Also, when replacing the top 
cover of the rotator, make sure the lugs in 
the ring gear rest in the recessed sockets 
provided inside. When the rotator is 
assembled in this manner it is in the 
North position, against the stops from a 
counter-clockwise direction through East. 
The control box should be oriented to 
coincide with this setting. 
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the electronic 

hand keyer 

An ordinary hand key 

or bug 

can be used 

with this circuit 

to form 

perfectly shaped 

code characters 

Today's electronic keyers are controlled 
by some type of paddle with two sets of 
contacts — one for dots, the other for 
dashes. The "electronic hand keyer" is 
controlled by only one set of contacts. A 
standard hand key or a semiautomatic 
key (bug) will work perfectly. Dots or 
dashes can be made, and the spacing and 
ratio will be perfect. Suddenly your fist 
will sound like a million dollars! 

operation 

The electronic hand keyer will gener-
ate a dot or dashes depending upon how 
long the key is held closed. If the key is 
released before the correct dot interval is 
over, a perfect dot results. If the key is 
held down longer, a dash will be made. If 
the key is held down still longer, addi-
tional dashes or an additional dot can be 
made. 

For example, to make a 9 requires 
only one press of the key. The key is 
pressed until four dashes are made and 
then released during the first one-third of 
the f i f th dash, thus making it a dot. For 
characters similar to 9 the electronic hand 

keyer is superior to the fully automatic 
twin-lever keyer. Unfortunately, a study 
of the character 4 quickly puts the 
electronic hand keyer back into its place. 

The key must be released quickly to 
make a dot, or else a dash will result; so 
to make a 4 requires the character to be 
sent just as it would be with a hand key. 
The electronic hand keyer essentially 
takes the 4, as sent by the hand key, and 
corrects the spacing and dot-to-dash ratio. 
A character sent by a bug is corrected in 
the same manner. All characters can be 
sent normally by a hand key or bug to be 
corrected, or reshaped, by the electronic 
hand keyer. 

basic keyer 

The circuit is essentially that of a 
simple electronic keyer with one connec-
tion changed. Only the basic function of 
the electronic hand keyer is discussed in 
this article. Detailed circuits with com-
ponent values are not given. The elec-
tronic hand keyer is presented in this 

£ manner because of subparagraph 807 of 
Murphy's Law.* You are encouraged to 

8 study and understand the function of the 
® circuit, then design and construct your 
^ own from available components. 
•5 A simple keyer is shown in fig. 1. The 
I" clock can be a free-running multivibrator, 
2 a unijunction relaxation oscillator, or 
j almost any adjustable source of low-

frequency periodic signal. FF1, FF2 can 
It be any triggered flip-flop connected as a 

divider so that it will change state each 
u> time the negative (trailing) edge of the 
™ trigger signal is received. The Clear ter-

minals (C1, C2) hold the Q terminal low as 
o long as the Clear signal is high. A relay 
fe output is shown, but a keying transistor 
* could easily be used instead. 

The clock runs continuously, and both 
E flip-flops are normally biased off (clear). 

^ *Subparagraph 807 of Murphy's Law states 
jg that "The reader's junk box will never contain 

^ the components required by the magazine 
X article." 
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fig. 1. Basic keyer 
circuit. The clock is 
a free-running oscil-
lator. After the dot 
or dash lever is held 
closed, a negative 
edge from the clock 
triggers the flip-
flops thus forming a 
character. 
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A character is started only after the dot 
or dash lever is held closed until a 
negative edge comes from the clock. Fig. 
2 shows the signals that occur when the 
dash lever is closed and held closed 
beginning during some time interval, A. A 
diode pulls C1 low when C2 is forced 
low. The diodes connected to Q1 and Q2 
serve as an OR gate to pull in the relay 
when either Q1 or Q2 is high, thus 
making a dash. 

s e l f - c o m p l e t i o n 

The circuit of fig. 1 does not self-
complete because the flip-flops are forced 
clear immediately when a lever is re-
leased, allowing the Clear terminals to go 
high. The character in progress will then 
be chopped off immediately if the lever is 
released. 

Fig. 3 shows this same keyer with two 
diodes added to make the keyer self 

TIME 

INTERVAL | A | B | C ! D | E | F ] G | H I V 1 " I L I * l " I I 

CLOCK 

i ) L 

01 OR OS 

fig. 2. Timing diagram of dashes made with the 
circuit of fig. 1. 
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INITHVAL jAjBjt^OjE F ^ H j l | J | K [ L | M | N | 0 | 

01 

Q̂  

01 OR 02 

fig. 4. Timing diagram for circuit of fig. 3. 
Shaded areas show when flip-flop Clear ter-
minal is held low by its associated Q terminal. 

fig. 3. Keyer circuit 
of fig. 1 with two 
diodes added to 
make the keyer 
self-completing. 
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fig. 5. Circuit of the 

e l e c t r o n i c hand 

keyer. 

completing. The Clear terminal is now 
pulled low by the diode if the Q terminal 
is low. The shaded areas of fig. 4 show 
the times when the Clear terminal is held 
low by its associated Q terminal. When a 
dash is started_ the dash lever can be 
released, and Q2 holds the dash Clear 
terminal low for two-thirds of the dash; 
then Q1 holds the dot Clear terminal low 
for the remainder of the dash. 

Notice that Q1 must go high before 
Q2 goes low or the self completion wil l 
be lost, and the dash will be terminated 
when it is only two-thirds complete. 
Fortunately, since FF2 is triggered by 
FF1, this condition is always met. 

the electronic hand keyer 
If JFF2 is triggered from Q1 rather 

than Q1, as shown if fig. 5, the timing 
diagram of fig. 6 results. The shaded areas 
again indicate intervals where the Clear 
terminal is held low by the associated Q 
terminal of the flip-flop. Notice that 
during intervals C, D and K, L Q1 goes 
low before Q2 goes high. If a dash is 

started and the lever released, the self-
completion is lost when Q1 first goes low, 
and the dash is terminated when it is only 
one-third complete. If the dash lever is 
held for_over one-third of the dash 
interval, Q2 takes hold, and the full dash 
wil l be made. 

summary 

Fig. 7 shows the shaping capability of 
the electronic hand keyer. Poor code is 
reshaped perfectly if it is sent at or near 
the same speed as that to which the 
circuit is adjusted. To send a dot or a 
dash, it is necessary only to hold the key 
down until the character starts, then 
release it at the proper time. 

CLOCK J i j i _ r u i X L J i J i J i j n _ r L r 

HAND SENT 

HAND SENT 

fig. 7. The shaping capability on the letter 

" V " by the electronic hand keyer. 
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fig. 6. Timing diagram showing 

self-completion of dots and 

dashes of the electronic hand 

keyer. 
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The electronic hand keyer will also 
make an interesting and educational 
project for the beginning digital and 
solid-state experimenter. The foward-
looking amateur might want to add a 
switch at the T2 terminal to change the 
electronic hand keyer back to a regular 
keyer once he has progressed that far. 

ham radio 
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circuits and 
techniques 

ed noil, W3FQJ 
integrated circuits 
The foreboding opinion that integrated 
circuits will stop amateur experimenta-
tion and stymie ingenuity is unfounded. 
In fact, so much reliability and versatility 
have been built into these devices that 
there appear to be an infinite number of 
external circuits and systems yet to be 
tried. Each amateur can look forward to a 
lifetime of fun and experimentation with 
solid-state devices and systems; the inte-
grated circuit is just an extension of the 
solid-state science of packing active 
devices into ever smaller spaces. Diodes, 
transistors and resistors are the primary 
components used in integrated circuits 
although a limited number may include 
an occasional capacitor or coil. 

Since capacitors take up considerable 
space it is customary to use circuits that 
do not require capacitance. Also, it is 
difficult to design a precise value resistor 
into an integrated circuit. On the other 
hand, there is no great problem in in-
cluding two or more resistors of exactly 
the same value even though a certain 

absolute value is difficult to attain. 
Hence, internal circuitry uses balanced 
configurations that require equal-value 
resistors but are not critical as to absolute 
value. All of this boils down to the fact 
that the most common integrated circuit 
is the balanced dc amplifier. 

basic differntial amplifier 

The differential amplifier is the main-
stay of integrated circuits. It is basically 
an emitter-coupled configuration (fig. 1); 
as a dc amplifier it has fine stability and 
good rejection of undesired signal com-
ponents. Since it is a direct-coupled am-
plifier no interstage coupling capacitors 
are needed. 

Ideal differential operation requires 
that the two collector resistances be the 
same and the characteristics of the two 
transistors be identical. In terms of dis-
crete component circuits this is a disad-
vantage because perfectly matched tran-
sistors and resistors are necessary. How-
ever, in ic production these conditions are 
met quite readily and at low cost. In basic 
operation the differential amplifier em-
phasizes the signal difference that exists 
between base inputs, developing equal-
amplitude and out-of-phase collector 
signals. 

It is stated that a differential-mode 
input signal is applied. In practice this is 
done by applying the desired ac signal to 
just one of the base inputs. Since no 
signal is applied to the opposite base the 
difference voltage between the two equals 
the magnitude of the signal applied to the 
one base. 

When two equal-amplitude similar-
polarity signals are applied to the base 
inputs the ac signals across the common 
emitter resistor are subtractive. When in 
perfect balance the differential amplifier 
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performs in bridge-like manner — there is 
no output observed from collector to 
collector and very reduced output from 
each collector and common. Such an 
applied signal is referred to as a common-
mode input signal. This is usually the 
form of undesired signals such as hum 
and interference. 

In the difference-mode operation a 
signal applied to base 1 appears at the 

collector output of transistor 1 and also 
across the common emitter resistor. The 
latter signal component serves as the 
input signal for transistor 2. As a result 
the output at collector 2 is opposite from 
that at collector 1. The differential ampli-
fier acts as a phase splitter, developing 
two equal-amplitude but opposite-polar-
ity signal components at the output. 

The differential amplifier has a high 
order of dc stability, reducing the influ-
ence of supply voltage changes, tempera-
ture, etc. It is even practical to construct 
a multistage affair using the difference 
concept. A differential amplifier or a 
group of them connected in cascade 
arrangements are the most common 
circuit configurations built into inte-
grated circuits. 

In the differential amplifier, not only 
are the interstage coupling capacitors 
eliminated, the emitter bypass capacitors 
are eliminated as we)I. In making a 

comparison between ics and discrete cir-
cuits it should be noted that an integrated 
circuit has fewer passive components 
(resistors, capacitors and coils) and more 
active components (transistors and 
diodes) than a comparable amplifier built 
of discrete active and passive com-
ponents. 

stability 

In a perfectly balanced differential 
amplifier there is stable amplification 
with changes in dc operation conditions 
and temperatures. A change in leakage 
current and/or gain in one side of the 
differential circuit is balanced out by a 
like change in the second side. Such 
balance, and the ability to compensate 
for any imbalance, sets the operating 
limits of the differential amplifier. 

Reduction of common-mode signals 
depends upon the degenerative effects of 
the common-emitter resistor. Of course, 
the higher the ohmic value of this resist-
ance, the greater the rejection. Such 
increase is limited by supply voltage 
requirements and the greater difficulty of 
including high-value integrated resistors. 

The answer to this problem is to 
include a constant-current emitter source 
composed of an additional active com-
ponent, rather than a high value resist-
ance. The fundamental arrangement is 

Performance of the Motorola 
MC1S90 integrated circuit. 
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shown in fig. 2. In this circuit the 
combination of the transistor and its low 
value emitter resistor acts as a high-resist-
ance constant-current source. The 
presence of a common-mode signal on the 
differential transistors affects base 
voltages and junction resistances. How-
ever, emitter and collector currents are 
held constant by the constant-current 
emitter source. In fact, the undesired 
voltage change appears totally across the 
constant-current source, which is highly 
degenerative. Thus, the differential gain 
of the amplifier in terms of common-
mode signals is greatly reduced. 

The diode in the base circuit of the 
constant-current source provides tempera-
ture compensation. Exact compensation 

t+V 

f t l 

fig. 3. Basic Darlington pair. 
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fig. 4. Differential amplifier with 
Darlington pairs. 

is obtained when the characteristics of 
the base-emitter junction of the con-
stant-current transistor and the diode 
junction are identical. With a rise in 
temperature there is an increase in the 
conductance of the base emitter junction. 
Since the compensating diode is physi-
cally near the transistor there is a similar 
change in its conductance, and a compen-
sating change is made in the base bias, 
keeping the collector-emitter current con-
stant. The circuit of fig. 2 is a very 
common integrated-circuit configuration. 

darlington circuit 
The differential amplifiers in figs. 1 

and 2 have low input impedances. High 
input impedances can be obtained by 
using Darlington circuitry which involves 
the addition of two more active elements. 
A simplified Darlington combination is 
shown in fig. 3; a typical application in an 
integrated circuit differential amplifier is 
shown in fig. 4. 

In the normal transistor operation the 
base-emitter junction is forward biased 
and conducts. Resistance is low and 
approximates the product of beta times 
the emitter resistance. To some degree 
the input resistance can be increased by 
increasing the ohmic value of the emitter 
resistance at a sacrifice in gain. A better 
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fig. 5. The Motorola HEP5BO integrated circuit. 

tial-amplifier configuration using paired 
transistors instead of single devices. If 
desired, an external stabilizing constant 
current source can be added at pin 4; 
equal 3.6k collector load resistances are 
included. Series base resistances increase 
input resistance, reduce tendency to 
parasitic oscillations and provide addi-
tional isolation. 

Fig. 6 shows two ways that are used to 
depict integrated circuits. The differential 

approach is to use the input resistance of 
a second transistor as the emitter resist-
ance of the first transistor; the input stage 
then operates with a highly degenerative 
emitter circuit, and consequently, high 
input resistance. Both stages contribute 
output with a gain figure that is compar-
able to that obtained using a single 
transistor of the same type but operating 
with a much lower input resistance. Two 
such identical circuits are needed for the 
two separate inputs of a differential 
amplifier. 

Motorola HEP580 
The HEP580 is a low-cost integrated 

circuit composed of six resistors and four 
transistors. Internally the transistors are 
connected in pairs with separate base 
inputs (fig. 5). All emitters are joined 
together at pin 4. It is a basic differen-

fV 

in (B) is preferred. 

circuit in fig. 6A is arranged around base 
pin designations of the ic. The triangular 
arrangement of 6B is more common, and 
more instructive, because the circuit lay-
out can be set down with well defined 
input and output sides regardless of pin 
numbers. 
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ic transmitter 
A 100-milliwatt QRP transmitter can 

be built from two HEP580s, fig. 7. I have 
had no trouble working several hundred 
miles on 40 meters with this simple ic rig. 
The first section of one of the ics 
operates as a crystal oscillator; the second 
section as a phase inverter. Choke output 
is used, and approximately equal-ampli-
tude and opposite-polarity rf signals are 
available for driving the output ic which 
operates as a push-pull amplifier. It will 
draw 20 to 30 milliamperes from a 
six-volt lantern battery. Dc input power is 
120 milliwatts or more. 

fig. 9. circuit diagram of Motorola 
HEP590 integrated circuit. 

fig. 8. R C A CA3028 integrated circuit, internal 
circuit (A); as a balanced differential amplifier 
(B); as a cascode amplifier (C). 

RCA CA3028 
The RCA CA3028 integrated circuit is 

a high-frequency unit that will function 
to 100 MHz and higher. It can be used 
successfully as an rf amplifier, converter, 
mixer, oscillator or limiter. 

The internal diagram of the CA3028 is 
shown in fig. 8. The circuit is the classic 
arrangement consisting of a differential 
pair and constant-current bias source. 
Bias resistors are included. Fig. 8B shows 
the very few external components needed 
to use this ic as a differential rf amplifier. 
Signal is applied between pins 1 and 5 
which connect to the bases of the differ-
ential amplifier. Output is taken from pin 
6. Schematic 8C shows how the same ic 
can be connected as a cascode rf ampli-
fier. Signal is applied to pin 2 which 
connects to the base of transistor Q3. Its 
collector is direct coupled to the emitters 
of transistors Q1 and Q2 in cascode 
fashion. Output is taken from pin 6. 

ZL4LV has used the R C A CA3028 
integrated circuit as a balanced modula-
tor, fig. 10.1 The carrier signal is applied to 
the base of Q3 {pin 2) while audio is 
applied to the base of differential tran-
sistor Q7 (pinl). The audio signal is 
applied in a differential mode while the 
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fig. 10. Integrated-circuit balanced modulator designed by ZL4LV. 

carrier is applied as an in-phase com-
ponent. Therefore, with proper balance, 
the carrier cancels in the collector-to-
collector output circuit of the differential 
pair. Double sideband components are 
developed across the same output. 

The Motorola HEP590 is a similar 
integrated circuit except that a tempera-
ture-compensating diode is a part of the 
package (fig. 9). Bill Hoisington, 
K1CLL,2 has used the HEP590 success-
fully as an rf amplifier on both 6 and 40 
meters, fig. 11. 

Although these integrated circuits have 
been used principally in receivers they 
have dissipation ratings of several hun-
dred milliwatts and would no doubt work 
well in QRPP transmitter circuits and in 
the earlier stages of QRP transmitters. 

balanced modulator/demodulator 
The Motorola MC1596G has been de-

signed specifically for use in sideband 
systems. Internal circuit configuration 
and external circuit plan for a double-
sideband suppressed carrier generator are 
given in fig. 12. Two differential amplifier 
pairs are included and incorporate in-
dividual transistors in their common 
emitter circuits to supply constant cur-
rent bias. A second transistor is included 

in each leg for injecting the modulating 
signal. Carrier is applied in differential 
mode to the pairs of differential tran-
sistors. Outputs of the differential pairs 
are out-of-phase and under true balance 
the net carrier voltage is zero. Out-of-
phase audio is applied to the transistors 
located in the emitter legs of the differen-
tial pairs. Upper and lower sideband 
frequencies develop across the output 
while the modulating wave is canceled. 

The carrier signal is applied between 
pins 8 and 7; the modulating signal is 
between pins 1 and 4. Biasing for these 
latter two transistors is obtained from the 
-8 volt source connected to the arm of 
the carrier-null potentiometer. This 

fig. 11. 50-MHz Integrated-circuit 
amplifier built by K1CLL.. 
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fig. 12. Circuit of 
Motorola MC1596G 
modulator/demodu-
lator (A ) ; balanced-
m o d u l a t o r circuit 
(B). 
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biasing sets bias and permits an appropri-
ate adjustment for balancing out the 
carrier. 

A balanced output is available between 
pins 6 and 9; single-ended output can be 
derived between either pin and common. 

more power fets 
The Siliconix 2N3970 is a switching 

fet that performs well as a high-frequency 
amplifier and oscillator. Its power output 
is about one-half that of a U222 power 
fet but at only one-quarter the cost. 

Device dissipation is 1.8 watt. Maximum 
drain voltage is 40, and in typical circuits 
the transistor draws 50 to 100 milli-
amperes. A TO-18 heat sink helps heat 
dissipation. 

The 2N3970 performs well in a variety 
of oscillator circuits including the Miller, 
Pierce, Colpitis and push-pull. It oscillates 
efficiently 10 through 160 meters. A 
Pierce crystal oscillator and class-C ampli-
fier is shown in fig. 13. This effective 
QRPP transmitter requires only a single 
resonant transformer. 
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fig. 13. Simple two-stage 
fet transmitter for 40, 80 
and 160 meters. 

160 
L I 65 turns no. 26 

on 1-1/4" coil form 

3/0 

80 
40 turns no. 24 
on 1-1/4" coil form 

sy ̂  730 
' 1MB 

rtj 

40 
21 turns no. 22 
on 1-1/4" coil form 

L2 20 turns no. 26, 
bifilar wound on 
cold end of L I 

13 turns no. 24, 
bifilar wound on 
cold end of L I 

7 turns no. 22, 
bifilar wound on 
cold end of L I 

Note how the fundamental class-C fet 
circuit closely matches conventional 
vacuum-tube practice. The resistor-capaci-

tor combination at the fet gate develops 
the required cut-off bias. The source 
resistor, like the cathode resistor of a 
vacuum-tube amplifier, limits device 
current to a safe value when rf excitation 
is lost. A source current meter shows a 
dip when the drain is tuned through 
resonance. Likewise, the magnitude of 
the dip current rises as antenna coupling 
is increased. 

Power outputs up to one-half watt are 
obtained on 40, 80 and 160 meters with 
somewhat less on 20 meters. A supply 
voitage of 36-volts is obtained by con-
necting three 12-volt lantern batteries in 
series. Drain current is typically 60 to 75 
mA. 

Outputs of 1 watt and higher can be 
obtained on 40, 80 and 160 meters using 
the push-pull circuit of fig. 14. The 
circuit arrangement is similar to that 
given for the U222 160-meter cw trans-
mitter presented in the April issue of ham 
radio.3 

References 
1. Pat Hawker, G 3 V A , " Z L 4 L V High-Fre-
quency Balanced Modulator," Radio Com-
munication, July, 1969, page 466. 
2. Bill Hoisington, K 1 C L L , " I C s for Amateur 
Use," 73, October, 1970, page 22. 
3. Ed Noll, W3FQJ, "Circuits and Techniques: 
Power FETs , " ham radio, April, 1971, page 34. 
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fig. 14. Push-pull fet 
power oscillator for 
40, 80 and 160 
meters. 

-O 0 
+ 

160 
L I 65 turns no. 26 

on 1-1/4" coil form, 
centertapped and 
divided 

L2 20 turns no. 26 
between halves 
of L I 

80 
L1 40 turns no. 24 

on 1-1/4" coil form, 
centertapped and 
divided 

40 
21 turns no. 22 
on 1-1/4" coil form, 
centertapped and 
divided 

L2 13 turns no. 24 
between halves 
of L I 

7 turns no. 22 
between halves 
of L I 
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low-noise 
transistor 

1296 MHz preamplifier 

This high-performance 

1296-MHz preamplifier 

provides a real breakthrough 

in noise figure 

and may spell the end 

for paramps on 1296 MHz 

o > 

a) 

> « 
13 > 
ra c 
'C a 
{/> 

u <o 
a; 
H 
XJ o o 
s 
(0 
O 

cc 
H 
> 
CM < 

"D 
in 

£ 

o • 

The state of the art in amateur receiving 
techniques has made dramatic strides 
during the last few years. Noise figures 
for devices available are now less than 1.5 
dB at 432 MHz, and a recently announced 
Japanese transistor provides a noise figure 
of less than 3 dB at 1296 MHz with gain 
in excess of 13 dB.* 

The 1296-MHz preamplifier developed 
by K2UYH, 1 and described in an im-
proved two-stage version by myself2 used 
KMC 5200 and 5500 transistors with 
noise figures less than 3 dB at 1000 MHz. 
Early reports of "around 3 or 4 dB at 
1300 MHz " proved optimistic; noise 
f i gu re measurements conducted by 
W2CCY, W2CQH and W2IMU showed 
that most devices were nearer to 5 or 6 
dB with a few as low as 4.5 dB noise 
figure, although K 2 T K N claimed some 
devices he measured were around 4.0dB. 

With the best diode mixers available at 
that time the noise figures of the better 
front ends were measured optimistically 
at 7 dB - but most were nearer to 9 or 
10 dB and many have been measured as 
high as 18 dB. With these noise figures it 
is easy to see why you needed two stages 

•The Nippon Electric V766B, available in single 
units for $18 from California Eastern Labora-
tories, 87 Terrace Hall Avenue, Burlington, 
Massachusetts 01803. 
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to have sufficient gain to overcome mixer 
noise and establish a reasonable front-end 
noise figure. 

inexpensive hot-carrier diodes such as the 
Hewlett-Packard HP2800. With such a 
converter it is now feasible to establish a 

170 JZ 

fig. 1. Circuit di-
agram and parts in-
formation for the 
low-noise 1296-MHz 
rf preamplifier. Con-
struction is shown 
in fig. 2. Ferrite 
beads are available 
from Amidon As-
s o c i a t e s , 1 2 0 3 3 
O t s e g o S t r eet, 
North Hollywood, 
Cal i fornia 91607; 
$2.00 per packet 

C I ,C2 ,C3 ,C4 

C 5 . C 6 

C R 1 

1 to 8 p F , h igh-qua l i ty short 
p is ton capac i to r (Ju l ian son 
used by author ) 

500 -pF feed th rough , bu t t on 
m i c a or ce ramic 

protect ive d iode , 10 m A or 
m o r e 

J 1 . J 2 

L 1 . L 2 

R F C 1 

*9V 

Te f l on - i n su l a ted B N C chassis 
connec to r 

brass str ip, 3 / 8 " w ide (see fig. 
2) 

2-3/4 turns no. 30 a i rwound 
on 1 / 1 6 " d iamete r f o rm 

Modern converters with hot-carrier 
diode mixers and filters between the 
multiplier trough and the mixer3 can 
achieve noise figures of about 8 dB with 

The 1296-MHz preamplifier is in-
stalled in a 2</4x2V4x4-inch minibox. 

front-end noise figure based on the pre-
amplifier parameters with a single stage if 
the preamplifier has a gain of at least 11 
or 12 dB. The preamplifier described here 
meets these requirements. 

the circuit 

The circuit (fig. 1) is essentially that of 
the first stage of the 1296-MHz amplifier 
described in the 1970 A R R L Handbook 
with an rf choke substituted for one of 
the resistors. This provides slightly better 
gain. Also, the bias adjustment pot is 
changed to give smoother control with 
the parameters of the V766B transistor. 

The physical changes from the original 
design are very important from the stand-
point of stability and protection of the 
parts. Dimensions should be followed 
closely. A n alternate and preferred 
method of mounting of the transistor is 
shown in fig. 3B. This construction makes 
it easy to remove and replace the tran-
sistor without damaging it. 
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construction 
The preamplifier is built into a mini-

box for convenience and shielding, but all 
construction is done on 3/32 or 1/16-inch 
thick brass plate which is held in place by 

the base lead opposite; the two remaining 
leads are emitter leads. 

The minibox shown in the photographs 
is slightly deeper than necessary since I 
built an ac power supply into my unit. 

fig. 2. Construction details of the 1296-MHz preamplifier. For shield detail, see fig. 3. This unit is 
designed to fit into 4x2V4x2V4" minibox. RFC1 should be air supported; use a 'A-watt 1000- or 
2000-ohm resistor if oscillations occur. This illustration is full size. 

four screws (see fig. 2). This makes 
assembling and construction much easier 
as well as making the whole device very 
rigid. When working with the transistor, 
the collector lead is the longest one with 

If the power supply is external the mini-
box can be much shallower. 

If silver-impregnated epoxy is available 
it can be used at the transistor junctions 
and at the no-lead disc capacitors to avoid 
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fig. 3. Transistor shield. Layout in (B) is preferred to arrangement in (A) as it permits easy transistor 
removal. 
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heat damage. The no-lead capacitors are 
dif f icult to find. You can make a good 
substitute by completely cutting off the 
leads from a ceramic disc capacitor and 
carefully fi l ing the ceramic off the flat 

to avoid overheating the capacitors when 
soldering. The brass striplines are 
mounted on top of the tuning capacitors 
and soldered directly to the tops. The 
capacitors are mounted on 5/8-inch 

Simple construction of the low-noise preamplifier for 1296 MHz. 

surfaces. You may spoil one or two disc 
capacitors but you'll eventually get the 
hang of it. Connections are soldered 
directly to the exposed surfaces. 

The vertical partitions in the preampli-
fier are made of the same brass stock as 
the base and are preferably hard soldered, 
although regular "sof t " solder wi l l do. 

Handle the transistor wi th care, especi-
ally when soldering it into the circuit. 
The Brookstone Company* sells a high-
conduct iv i ty , low-temperature solder 
(TIX) which melts at 250° F and is 
excellent for this purpose. 

The tuning capacitors are Johanson 
0.8-8 pF units, but JFD equivalents, or 
any good quality short piston capacitors, 
will work. Use thin brass for the striplines 

•Available from the Brookstone Company, 5 
Brookstone Building, Peterborough, New 
Hampshire 03458. 

centers; the part of the strap left over is 
bent upward at about 45° to accommo-
date the modified disc capacitors between 
the stripline and the BNC connectors. 

tuneup 
Initial tuneup is best accomplished 

with a 1296-MHz signal (a typical 
1296-MHz weak-signal source is shown in 
fig. 4). Apply about 6 volts to the 
transistor preamplifier and monitor col-
lector current with a 10-mA meter. Ad-
just the bias control so collector current 
is 1 to 2 mA. 

Start the tuneup procedure with all 
the capacitors at minimum capacitance; 
turn the output capacitors in one-half 
turn at a t ime until obtaining maximum 
reading on the receiver S-meter. Now 
adjust the input capacitor one turn at a 
time, repeaking the input capacitor near 
the transistor for maximum. 
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fig. 4. 1296-MHz weak-signal source uses 
72-MHz injection and diode frequency multi-
plier. Diode may be a varactor, 1N914, 1N916 
or 1N82. Input is link coupled to crystal-con-
trolled oscillator. 

Repeak all capacitors, and apply 9 
volts to the preamplifier while adjusting 
collector current for maximum gain with 
lowest noise. Do not exceed 6 mA col-
lector current. My V766B preamplifier 
worked best at 3.5 mA. 

When tuning up (or using) the pre-
amplifier do not allow the transistor to go 
into oscillation (as evidenced by sharply 
increased collector current) for more than 
a very short time or the transistor will be 
destroyed. The input and output net-
works are essentially pi networks but can 
be tuned to other modes. The function of 
these pi networks is to provide the 
transistor with a proper match; if the 
input of your converter is not close to 52 
ohms you may need a 3-dB 52-ohm pad 
between the preamplifier and converter. 

Final tuneup must be accomplished 
with the antenna connected to the input 

terminals. Put the 1296-MHz signal 
source near the antenna and connect the 
transmission line to the amplifier. Tune in 
the signal and repeat all adjustments for 
best signal-to-noise ratio. 

If you happen to purchase a particular-
ly "ho t " V766B transistor you may have 
trouble with oscillations, although this is 
very rare. However, if you do have 
oscillation problems, replace the collector 
rf choke with a 1000- or 2000-ohm, 
1/4-watt resistor; this will reduce the Q 
and gain of the stage. 

summary 
With this new low-noise transistor 

many serious 1296-MHz enthusiasts be-
lieve now is the time to discard the 
cranky parametric amplifier — the so-
called advantages are hardly worth the 
added effort and complexity of the 
paramp. As W2IMU said recently, in 
relation to this 1296-MHz preamplifier, 
"We have entered a new era in EME for 
the amateur." 

references 
1. A. Katz, K2UYH, "A 1296-MHz Preampli-
fier - That Works!" QST, November, 1967, 
page 32. 
2. D. Vilardi, WA2VTR, "Two-Stage Transistor 
Preamplifier for 1296 MHz," QST, December, 
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1970, page 414. 
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"Boy, you're in for the surprise of your life 
when you get out of here!" 
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determining 
power dissipation ratings 
of transistors 

The power dissipation 

of a transistor 

depends upon the size 

and efficiency 

of the heat sink — 

here's how 

to determine 

practical power ratings 
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Have you ever ruined a transistor by 
operating it in excess of its rated tempera-
ture? Or have you ever bought a transis-
tor with a large dissipation rating simply 
because you weren't sure whether a 
smaller device could withstand the power 
requirement? If you have, then this arti-
cle is for you. I wil l discuss how to keep a 
transistor below its maximum tempera-
ture, and you will find that in some cases 
a device rated at 100 watts may be good 
for only a fraction of that much power. 

safe operating area 
The data sheets of most power transis-

tors provide a safe-operating-area graph. 
Fig. 1 shows such a graph for an imagin-
ary transistor capable of dissipating 100 
watts. As shown on the graph, the maxi-
mum voltage which may safely be applied 
to this device is 40 volts; maximum 
current is 10 amps. The space enclosed by 
the black line represents the safe oper-
ating area - that is, the values of current 
and voltage at which the transistor may 
be operated without exceeding its maxi-
mum dissipation capabilities. Any value 
of voltage and current within the en-
closed area may be safely applied to the 
transistor. 

For example, the intersection of 4 
amps and 20 volts lies within the line, 
indicating that the device may be used at 
these ratings without damage. On the 
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other hand, the intersection of 5 amps 
and 30 volts falls outside the enclosed 
area, indicating that the transistor, when 
operated at these values, will be gener-
ating more heat than it can dissipate, and 
will likely be destroyed. 

20 

13 

It is possible to calculate the thermal 
resistance between the junction and the 
case (^JC) of any transistor if its power 
rating and its maximum permissible 
operating temperature, T j ( m a x ) . a r e 

known.* These values can be found on 
the data sheet. 

To find 0JC for the 100-watt demon-
stration transistor, we will assume a metal-
encased silicon unit. For such a transistor, 
TJ(max) would be 200 °C. The thermal 
resistance may be found from the follow-
ing formula: 

0jC = Tj(max) - T a 

Pd 
(1) 

where T a is the ambient temperature, Pp 
is the power rating of the transistor, and 
0JC and T j ( m a x ) are as explained above. 

Inserting the values given for the 
100-watt transistor at 25°C ambient: 

0JC = 
200 - 25 

100 1.75 °C/W (2) 

I 2 3 4 3 6 8 K> SO 3Q 40 00 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

fig. 1. Typical safe-operating-area graph. 
T h e 100-wat t transistor m a y be safely 
operated at any voltage and current 
values under the heavy line. 

thermal resistance 
The above explanation may seem very 

straight forward but unfortunately com-
plications arise. Another factor, called 
thermal resistance, must be included in 
any calculations concerning a transistor's 
dissipation abilities. Thermal resistance is 
the resistance material offers to the con-
duction of heat. When used in conjunc-
tion with semiconductors, it is expressed 
in degrees centigrade per watt (°C/W). 
This means that for a specific number of 
watts dissipated, the temperature of the 
semiconductor will rise a definite number 
of degrees C above the ambient tem-
perature. 

For a given temperature, the thermal 
resistance of the semiconductor deter-
mines the maximum power dissipation. 

Before the transistor can be used, an 
additional thermal resistance, between 
the case and the ambient environment 

must be known. This is because 
the heat generated at the semiconductor 
junction can only be transmitted through 
the case and must be dissipated into the 
surrounding environment whether it's air, 
a heat sink or a liquid coolant. 

To determine ®CA, you must know 
how the transistor is to be mounted. If 
the transistor is mounted in free, still air 
with no heat sink, $CA will be quite high 
and the power capabilities of the device 
will be greatly curtailed. The amount of 
power that may be dissipated with no 
heat sink depends on the junction-to-
ambient thermal resistance, ^JA. This 
factor can sometimes be found on the 

*This value can also be found on the data sheet, 
but the reader should understand how it was 
obtained. 
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data sheet, and when used in eq. 3 below 
it can be used to determine the maximum 
power that may be applied without a heat 
sink: 

P D ( m a x ) = T j < m a X ) " T A (3) 

finned heat sink 3x4x1Vz 
finned heat sink 3x5x2'/2 
finned heat sink 5x5x4Va 
chassis 2x3 
chassis 5x3 
chassis 7xS 
chassis 10x5 
chassis 12x10 
mica washer — 

In the case of the 100-watt transistor 
used as an example, maximum dissipa-
tion would be approximately 5 watts. 

However, if a heat sink is used the 
resistance to heat flow will be greatfy 
reduced. Since heat sinks vary greatly in 
their ability to conduct heat, table 1 has 
been included to give you an idea of 
typical values of thermal resistance. In 
addition to the heat sinks listed in the 
table, several chassis are also included 
since they are often used as sinks. 

Assume that the first heat sink in the 
list, rated at 3° C/W thermal resistance, is 
to be used with the 100-watt transistor. 
To find the total thermal resistance be-
tween the semiconductor junction and 
the ambient, it is necessary to know the 
thermal resistances of the heat sink, the 
transistor and of any insulating washers 
used between the transistor and the sink: 

0JA = 0JC + 0SA + 0CS (4) 

The thermal resistance of a mica in-
sulating washer is 0.4°C/W. Inserting the 

values for the 100-watt transistor: 

0JA = 3°C/W+1.75°CW+ (5) 
0.4° C/W = 6.15°C/W 

Hence, it is seen that the $JA of the 
complete assembly is 6.15°C/W. If this 

3 bright aluminum 
1.5 anodjzed aluminum 
0.5 anodized aluminum 

11. unfinished aluminum 
6.5 unfinished aluminum 
4.5 unfinished aluminum 
3.5 unfinished aluminum 
2.5 unfinished aluminum 
0.4 with thermal compound 

value is inserted into eq. 3, you can 
determine the maximum power that can 
be safely applied to the transistor: 

_ 200-25 _„ , ^ <6) 
PD(max) = 6 1 5 = 34 watts 

In this arrangement the maximum 
power that can be dissipated by the 
transistor is only 29 watts. To safely 
apply more power to the device you must 
use a larger heat sink, or the sink must be 
cooled with forced air. If you try to 
dissipate more power than that calculated 
without additional cooling, the transistor 
will be destroyed. 

You may ask why a semiconductor is 
rated at 100 watts when it cannot 
practically dissipate that much power. 
The answer is simple: Transistor manu-
facturers, having no idea of the specific 
type of heat sink to be used, publish the 
maximum power that the unit can dissi-
pate when used with an infinite heat sink. 

pulse operation 
If a power pulse is momentarily ap-

table 1. Thermal resistance of typical heat-sink materials. 

thermal 
size resistance 

material (inches) (°C/W) remarks 
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plied to a transistor, higher dissipation is 
possible. Fig. 2 shows a second safe-oper-
ating-area graph on which several dark 
tines are drawn. The line labeled dc is the 
maximum power-dissipation limit. If, for 
example, the demonstration transistor ex-
periences stress for only 1 millisecond it 

20 

IS 

\ 

i 2 3 •> a 6 a io eo x 40 

COLLECTOR-EMITTER VOLTAGE (VOLTS) 

fig. 2. Safe-operating-area graph for 
single non-repetitive pulses. 

60 

can be seen from the graph that the 
device can dissipate 300 watts. Since the 
transistor is operated at three times its 
rated power the thermal resistance ^JC, 
for a 1-millisecond pulse is reduced by a 
factor of 3 to 0.58°C/W. However, this 
holds true only if the transistor case is at 
a temperature of 25 °C prior to applying 
of the pulse. For other case temperatures 
the following formula is needed: 

PD(pulse) 
Tj(max) - T g 

0JC (pulse) 
(7) 

where T c is the case temperature and 
0JC(pulse) is the pulse thermal resistance 
as calculated above. 

The case temperature may be found 
from: 

t c = P d c ( 0 c s + 0 S A ) + T a (8) 

where P q c 's the steady state value of 
power being dissipated by the transistor 
prior to the application of the pulse, $CS 
is the thermal resistance of the insulating 
washer and 0SA is the thermal resistance 
of the heat sink. 

As an example, assume that the 
100-watt transistor, using the heat sink 
discussed previously, is dissipating 10 
watts just prior to the application of a 
1-millisecond pulse. From eq. 8 (at 25°C 
ambient) 

TC = 10(3 + 0.4) + 25 = 59°C (9) 

Inserting the result into eq. 7 gives: 

200-59 = 0 / l o, A , 
PD(pulse)= Q 5 8

 2 4 3 w 

The transistor can withstand 243 watts 
for a period of 1 millisecond. Wattage 
ratings for other pulse widths are found 
in a similar manner by substituting the 
desired vafues. 

pulse-train dissipation 

Since mathematical calculation of per-
missible power becomes rather unwieldy 
for repetitive pulses, at least one manu-
facturer, Motorola, has included graphs 
specifically for this purpose on his data 
sheets. As a result it is quite simple to 
find the maximum power dissipation for 
a wide range of pulse widths and for 
various duty cycles. A normalizing factor 
is obtained from the graph and multiplied 
by the dc value of 0JA. The resultant 
factor may then be used in eq. 3 to 
determine maximum power dissipation. 

references 
1. "The Semiconductor Data Book," 4th edi-
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Inc., p. AN-16. 
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transmitter-tuning 

Slow-scan television enthusiasts have a 
saying, "Hams should be seen as well as 
heard." I am an active slow scanner, but I 
was forced to admit one morning on 20 
meters that this might not always apply, 
and in special circumstances, "Hams 
should be heard and not seen." 

For many months several of us in the 
ninth call area have maintained contact 
with each other on the 20-meter band 
while driving to work on a newly built 
interstate highway. This highway provides 
superior radiation capabilities due to the 
excellent ground plane effect of the metal 
reinforcing in the concrete pavement. 
During this period of time W9TCT, my-
self and others were joined by a fixed 
station in the immediate area, K5MIB/9. 

Wes soon told us that he was blind and 
that he lived in the area only during the 
winter months. Working Wes became 
routine, but his signal varied in strength 
from week to week and sometimes from 
day to day. It eventually occurred to us 
that this variation was due to the fact 
that his transmitter was not properly 

unit 
for the blind 

The Noise Maker 

is an aural tuning meter 

that allows 

a blind person | 

to tune his rig 
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tuned after moving from different parts the area occasionally dropped in and 
of the band. When we inquired how he peaked the final. 
tuned his rig we were told that hams in On one particular morning Weswas so 

fig. 1. Schematic diagram of the aural transmitter-tuning unit. 

Wes Bradley, K5MIB/9, tuning his Swan 
transceiver with the Noise Maker. 

weak that his signal was barely readable 
just a few miles outside of town. W9TCT 
stopped in and tuned the rig for him. 
W9TCT and I felt that something had to 
be done, and decided that a simple device 
was needed to help Wes tune his rig to 
maximum output. 

the circuit 

Most slow scanners are familiar with 
the voltage-controlled multivibrator. The 
pitch of the oscillator can be changed 
over a rather wide range by providing a 
variable voltage to the base of the oscil-
lator transistors. If the rectified rf current 
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from the output of the transmitter could 
be used to control the audio oscillator 
frequency a blind ham could easily tune 
his transmitter to maximum output by 
just listening to the highest pitch of the 
audio output frequency of the multivi-
brator. A simple diode output circuit and 
a 709C operational amplifier to supply 
the variable bias voltage were easily de-
signed. A simple audio output transistor 
stage gave enough output to drive a small 
speaker. 

theory of operation 
The resistance divider consisting of the 

56k and 1k resistors connected to the 
coaxial cable are adequate for power 
levels from 200 watts to 2 kW on all 
bands from 80 to 10 meters. 

The gain of the 709C operational 
amplifier was set at 100. This amplifier 
has been compensated as recommended 
in the application sheets. A small voltage 
of about .01 volt is fed into the non-
inverting input of the operational ampli-
fier; this voltage provides the offset bias 

over a small range by adjustment of the 
15k pot. The lowest frequency is set by 
the small voltage fed into the non-in-
verting input of the 709C. 

The multivibrator is conventional, and 
any npn transistors can be used. None of 
the components in this circuit are critical. 
The audio output stage uses a small 
imported high-impedance to low-im-
pedance transformer to provide an im-
pedance match between the collector of 
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110 'TN 50V 
J? 
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AT 18V 
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COPIV. 100mA SILICON DIODES OR BETTER 
fig. 2. Power supply for the 
transmitter-tuning unit. 

v 

Internal layout of the aural tuning 
unit. Component layout is not 
critical. 

return of +1 volt for the base resistors of 
the multivibrator with no rf signal, telling 
the blind ham that the equipment is 
turned on. 

The 709C amplifier has a positive 
swing of about +10 volts. The maximum 
pitch of the multivibrator can be changed 

the multivibrator and the base of the 
audio transistor stage. The output circuit 
consists of a small output transformer 
and speaker to provide the audible output 
signal. 

A center-tapped junk-box transformer 
was used for the power supply. The 
current drain is extremely small, and 
available parts from around the shack 
should work nicely. The complete circuit 
is shown in fig. 1. An Amphenol T-con-
nector was used to provide the housing 
for the rf detector circuit shown in fig. 1. 
The Noise Maker was enclosed in a small 
sloping metal cabinet. The entire circuit 
was built on vector board. 

In the photograph K5MIB/9 is happily 
adjusting his Swan 350 to maximum 
output. Strange as it might seem, several 
hams that have sight have asked for the 
circuit for their rigs. I am indebted to 
W9TCT for help and inspiration in the 
design and construction of the Noise 
Maker. 

ham radio 
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Ten-Tec RX10 
communications receiver 

A lot 

of performance 

in a small, 

low-cost package 

In these days of increasingly sophis-
ticated and complex electronic com-
munications equipment it is a pleasure to 
see a new product which fills an impor-
tant need in a very simple and effective 
manner. The new Ten-Tec RX10 com-
munications receiver is a natural for the 
beginner, or for the old timer who is 
looking for a good emergency receiver. 
The RX10 wil l give many hours of service 
from a handful of flashlight batteries. 

In the Ten-Tec RX 10, direct con-
version is used to provide complete cover-
age of the 80-, 40-, 20- and 15-meter 
amateur bands. The critical conversion 
stage uses an RCA 40604 dual-gate 
mosfet to provide low noise figure, high 
sensitivity and good overload charac-

QQ 

> a> c c 0) I -

w 

teristics. The balance of the receiver is 
built around straightforward bipolar 
devices. An oscillator/buffer/multiplier 
section provides an appropriate injection 
signal to the 40604 mixer, while a filter 
and four-stage audio amplifier arrange-
ment deliver a more than adequate signal 
to the headphone output. 

An added feature is the cw practice 
oscillator that is included; this helps the 
beginner get going with his code-practice 
program. The receiver also includes a 
built-in 115-volt ac power supply for 
home use. 

The RX10 receiver is quite stable. The 
manufacturer claims no more than 
100-Hz drif t from turn on, and our 
experience at ham radio backs this up. 
Just for fun we connected the RX10 to a 
HAL Devices ST-6 RTTY Demodulator 
and tuned it to a teletype signal on 20 
meters. Much to our surprise and delight 
we were treated to nearly ten minutes of 
perfect "hands-off" copy before the 
station signed. And this was with a cold 
receiver! 

Although no specific measurements 
were made, the sensitivity was very good 
on both the 80- and 40-meter bands; both 
20- and 15-meter performance seemed to 

june 1971 63 



B O O K S . . . 
Radio Society of Great Britain publications 
RADIO C O M M U N I C A T I O N S HANDBOOK — An 
outstanding technical guide to all phases of 
amateur radio. In 832 pages 20 complete chap-
ters are devoted to such subjects as single side-
band, antennas, mobile equipment, RTTY and 
much, much more. This excellent book has 
received wide acclaim on both sides of the 
Atlantic and belongs in your library . . . now. 

$12.95 
AMATEUR RADIO C IRCU ITS BOOK — Completely 
revised — new edition. A very handy collection 
of many useful circuits for amateur use. Loaded 
with good ideas for that new converter, exciter 
or other project you are working on. Only $2.50 

VHF-UHF M A N U A L — G. R. Jessop, G6JP — 
Probably the most comprehensive work of Its 
kind ever publilshed. Covers everything from 
beginners to advanced material. Only $4.00 
AMATEUR RADIO TECHN IQUES — Third Edition 
— J. Pat Hawker, G3VA — Brand new edition — 
completely revised. A very complete collection 
of short articles and ideas covering many 
aspects of amateur radio. Includes new enlarged 
semiconductor section. 160 Pages. Only $3.75 

RADIO DATA REFERENCE BOOK — Second Edi-
tion — By G. K. Jessop, G6JP — Here in a 148 
page book is one of the most complete compila-
tions of radio and electronic charts, nomographs, 
formulas and design data available. Whether you 
design, build or operate, this is a book you must 
have. Only $3.00 

Other Important Volumes 
RADIO H A N D B O O K — 18th Edition — How to 
design, build and operate the latest types of 
amateur transmitters, receivers, transceivers and 
amplifiers. Provides extensive, simplified theory 
on practically every phase of radio. 848 pages. 

Only $13.50 

ALL ABOUT CUB ICAL QUAD A N T E N N A S by 
W6SAI — Construction and tuning data. Multi-
band Quads. Charts, drawings and photos for 
your Quad. Full complete data on homemade 
Quad antennas. The new X-Q Quad. $3.95 

VHF HANDBOOK by Orr W6SA I & Johnson 
W6QKO — First complete Handbook covering the 
VHF spectrum! Many VHF construction projects. 
Design and construction of VHF transmitters, 
receivers and antenna si Make your VHF station 
workl $3.95 

THE CARE A N D FEED ING OF POWER GRID 
TUBES by Robert Sutherland, W6UOV — Just as 
the title says, a very complete rundown on the 
use of power tubes. Be sure to read this before 
you start work on your new linear. Only $3.95 
BEAM ANTENNA HANDBOOK by William Orr, 
W6SAI — New edition. Theory, design, construc-
tion, and the installation of rotary beam antennas! 
SWR data! Multi-band beams, 40 meter beams, 
20 meter DX beams! How to make your beam 
work! 200 pages. $4.95 

NOVICE & TECHN IC IAN HANDBOOK by W6SAI 
and W6TNS — All about amateur radio in non-
technical language! How to learn the code. How 
to assemble your ham station. Transmitters! 
Receivers! DX! How to get QSL cards. $3.95 

ELECTRONIC CONSTRUCT ION H A N D B O O K by 
Robert Lewis, W8MQU — All about design -
construction - layout and testing of electronic 
equipment. Non-technical guide for kit-builders 
and your best key to better performance of your 
equipmentl $3.95 

Box $92 Amherst, New Hampshire 03031 

R X 1 0 Specifications 

Frequency 
range 

3.5-4.0 M H z , 7.0-7.3 
M H z , 14.0-14.6 M H z , 
21.0-21.9 M H z 

modes upper and lower ssb, cw and a-m 

sensitivity less than 1/UV provides readable 
signal 

stability less than 100-Hz drift; no 
warm-up 

selectivity 2 kHz at 6 -dB d o w n 

audio 3 volts across 1000-ohm load 

antenna 50 to 75 ohms, unbalanced 

power 115 Vac, 50/60 Hz, 1/8 A , or 
12 Vdc, 35 m A 

size 10-3/8" wide, 4 -1/2 " high, 
6 -5/8" deep; 2Va pounds 

price $59.95 

offer more than satisfactory operation 
although it was a bit lower than on the 
lower bands. However, in all cases per-
formance was well above the simple tube-
type superhetrodynes which beginners 
have traditionally used. 

Selectivity was also quite acceptable, 
even in the crowded 80-meter novice band. 
An audio filter with a 2-kHz bandwidth 
at 6dB seemed to handle things quite well; 
in conjunction with the reasonably slow 
tuning rate for a simple receiver, it made 
it easy to find your way around. Of 
course, with the direct-conversion system 
you will hear the audio image of nearby 
stations, but in view of the excellent 
performance of this modestly priced re-
ceiver, I don't think this is an important 
consideration. 

Please don't go out and buy a Ten-Tec 
R X T 0 for R T T Y . However, I am sure that 
you will agree that for $59.95 there is a lot 
of performance in this little package. Ten-
Tec products are available from your 
local dealer or Ten Tec, Inc., Sevierville, 
Tennessee 37862. 

ham radio 
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economical decade 
standards 

Resistor decades are convenient for 
experimental use but are bulky and ex-
pensive, especially the higher-accuracy 
units. A more convenient and compact 
precision, direct-reading variable resis-
tance may be easily assembled using the 
ten-turn potentiometers and dials now 
available on the surplus market. Pots with 
accuracies of 1% and 0.1% linearity are 
available — which is more than adequate 
for most applications. 

Potentiometer values in multiples of 
ten are used so that the selected resis-
tance value may be read directly from the 
10-turn dial by adding the proper number 
of zeros. Several potentiometer/dial units 
may be assembled in the form of the 
usual decade box. 

The versatility of this arrangement 
may be expanded by bringing all three 
potentiometer terminals to binding posts 
on the f ront panel. With three binding 
posts continuously variable voltage 
dividers of accurately known ratio are 
conveniently available to the experi-
menter. 

Gene Brizendine, W4ATE 

*K . Macleish, W1EO, " A Frequency Counter for 
the Amateur Station," QST, October, 1970, 
page 15. 

tebook 
switching counter 
readouts 

One of the more expensive parts of a 
frequency counter, or counter dial*, is 
the indicating or readout equipment. 
As a result many applications provide the 
readout for only three or four digits 
of the count. In some cases you might 
want to read kHz but not individual 
Hz; in other cases you may want to read 
kHz or Hz but not MHz. 

One way to obtain a readout when 
needed, without providing more Nixie 
tubes and associated storing and decoding 
circuitry, is to switch the indicating 
system from one part of the counter to 
another so all digits can be read when 
required. This can be accomplished by 
switching half as many indicators as the 
available total of digits counted, or by 
having just one digital indicator which is 
switched from one digit to another. A 

FLIP-FWP FLIP-FWP FLIP-FWP FLIP-FWP 

fig. 1. Using dual-input gates a readout can be 
switched to the Q output of either flip-flop to 
reduce cost. If the gates do not permit tying 
the outputs together, use steering diodes or a 
third gate. 
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rotary switch, with four double-throw 
contacts per decade, will do the job. 

Digital logic handbooks often show a 
"data selector" circuit using a gate in 
each data stream with provision for ap-
plying a signal to select which data stream 

fig. 2. A N D gates consisting of two diodes and a 
resistor can perform the switching between Q 
outputs, but require steering diodes CR5 and 
CR6. 

out to do the job at little cost, some 
other simplifications appear possible. One 
possibility is the elimination of one gate 
on the output of the tail-end flip-flops, 
turning these off by other means. 

RTL and DTL flip-flops usually have 
their Q outputs connected to transistor 
collectors; the collectors are connected to 
+VCC through a resistor. Shorting the 
output of these circuits may overheat the 
resistor (although it can be replaced 
externally to the IC. Putting +VCC on the 
Q outputs can result in too much col-
lector voltage on the transistors. 

One simplification which I have not 
tried is shown in fig. 3. Diode CR1 forms 
a one-input gate when FF2, in an earlier 
position in the counter, is connected to 
the readout by the switch placing +VCC 

on the resistor. Whenever FF2 is high 
there is little voltage drop across R, so the 
high passes through steering diode CR3 to 

appears at the output. Fig. 1 shows one 
way to do this when the gate design 
permits output ORing. It uses a dual-
input gate for each flip-flop output, or 
four gates per decade. Four more gates 
may be needed for the alternate decade 
which might be switched to the readout. 
A single toggle switch is sufficient for all 
gates. 

Since no operation is required of the 
later flip-flops when the earlier ones are 
connected to the readout equipment, half 
the gates can be eliminated. This can be 
done by providing preset or dear signals 
or removing the B+ from the later flip-
flops which are not to operate the digital 
readout indicator. If direct intercon-
nection of flip-flop outputs causes a 
problem, steering diodes can be inserted. 

Surplus diodes and a few resistors can 
perform the gate functions if a steering 
diode is included between the gate and 
the digital readout. This diode prevents 
the two interconnected gates from oper-
ating as a single gate. Again, a single 
toggle switch is sufficient for all gates 
involved in the readout switching (see fig. 
2). 

In addition to other types of diode 
switching that probably can be worked 

FUP-FU3P. I 
LATE IN 
COUNTER 

FLIP-FLOP 
2 

CRI 
H 1 M 1 

<» O70 READOUT 

EARLY IN 
COUNTER 

fig. 3. Simplified diode switching of 
readout when flip-flop 2 is earlier in 
the counter string than flip-flop 1. 

the readout equipment. When FF2 is low 
the voltage from R goes into the flip-flop, 
creating a low input to the readout 
equipment. The other switch position 
puts +VCC on FFl and other tail-end 
flip-flops to be read out. This allows these 
flip-flops to operate, feeding the FF1 Q 
output through steering diode CR2 to the 
readout equipment. Diode CR2 prevents 
the voltage across the resistors from 
feeding back into the Q output of FF1 
when FF1 is turned off by the switch. 
CR2 may not be necessary if the voltage 
on the Q output is not harmful when FF1 
has no +VCC supply. 

Bill Conklin, K6KA 
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ORIGINAL CIRCUIT 

RCCCIVCR OSCILLATORS TRANSMITTER OSCILLATORS 

MODIFIED CIRCUIT 
Receive* OSCILLATORS TRANSMITTER OSCILLATORS 

I • TX Ut A RX CHA 
Z • TX C.I B RX CH B © 

I ' TX CM A RX CH A 

Z-TX CM B RX CH B 

3 • TX CH B RX CH A 

fig. 4. Method for increasing channel coverage in a typical fm oscillator circuit. Steering diodes, 8, 
allow an extra transmit receive channel. 

three channels from two 

Many of the common fm mobiles are 
equipped for two-channel operation. 
However, with the different frequency 
combinations in repeaters using simplex, 
it might be necessary to transmit on 
channel B and receive on channel A (or 
vice versa). This can be accomplished 
easily with the addition of steering diodes 
(fig. 4). All you'll need are four diodes 
capable of carrying the current of the 
circuit and a single-pole, triple-throw 
switch. This system has been used in 
commercial applications for a private 
mobile system in this area. 

The circuit shown in fig. 4B provides 
two simplex channels with a modified 
two-channel set. The idea for this applica-
tion is from VE7BDY, to whom I'd like 
to express my thanks. 

Vern Epp, VE7ABK 

loose HW100 tuning 
knob 

Many buildersfind that the main tuning 
knob on the HW100 is loose even though 
the dial mechanism is properly assembled 
and working well. The remedy is very 
simple. 

Remove the tuning knob and place a 
washer on the end surface of the flexible 

spline. The washer must have a hole large 
enough to pass the collar on the spline on 
the vfo shaft (see fig. 5); otherwise the 
knob will not fit. The added washer fills 
up the space between the spline and the 
inside of the knob, applying an outward 
force on the knob that keeps it from 
wobbling. With just the right washer 
thickness, and an even coating of silicone 
grease on both sides, the action is "silky" 
smooth. If the washer is too thick, the 
knob will either not go on, or tuning will 
be very stiff. Several very thin washers 
may be needed to get the right feel. 

Ai Lightstone, VE3EPY 

fig. 5. Remedy for loose tuning knob on 
the HW100. 
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dycomm solid-state 
fm repeater 

for local use as a transceiver so repeater 
may be used as a mobile or base-station 
t ransceiver . Guaranteed transmitter 
power output is 12 watts; typical output 
is 15 watts. 

Useable Echo 11 receiver sensitivity is 
0.2 /xV; sensitivity for 20 dB quieting is 
typically 0.4 /iV. Desensitization is less 
than 0.25 with 200-kHz channel 
spacing (no cavities). With 300-kHz chan-
nel spacing desensitization is negligible. 
Current consumption on receive, 40 mA; 
on transmit, 1.5 ampere. Inter-modula-
tion interference, 70 dB minimum; 
spurious response attenuated more than 
60 dB. 

The repeater may be controlled with 
positive power up/down, timer, tone-
burst entry, audio identification, etc. The 
Echo II is priced at $700 and includes 
two 6-dB antennas. For more information 
write to Dynamic Communications, Inc., 
Post Office Box 10116, Riviera Beach, 
Florida 33404, or use check-off on page 
94. 

The new Dycomm Echo If is the first 
commercially available repeater for 
amateur radio use. It is completely solid 
state, uses no relays, is ultra stable, 
portable and FCC type accepted. The 
Echo II is designed to withstand the most 
severe environment, features 12 to 15 
Vdc operation, multiple channel opera-
tion and comes equipped with full input/ 
output option capability. 

The Echo II transmitter wil l operate 
into an open or short circuit or any other 
mismatch. Input and output impedances 
are 50 ohms; connectors are type-N 
UG-58/U (mate with UG-1185/U). The 
unit has built-in carrier-operated relay, 
metering terminations for rf output, 
limiter current and discriminator output. 
The second optional frequencies may be 
remotely selected (by terminal connec-
tion) for either transmit, receive or both. 
Local/remote-control point is provided 

rf detectors 

The new Radiation Devices CRD-2 
coaxial detectors provide an economical 
means for rf demodulation and voltage 
measurement or monitoring over the fre-
quency range from 1 to 1000 MHz. Units 
are available with or without terminating 
resistors. Either point-contact or hot-
carrier diodes may be specified, with 
positive or negative output polarity. Fre-
quency response is within 0.5 dB to 500 
MHz; ±1.0 dB to 1000 MHz. Rectifica-
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tion efficiency is greater than 65%; maxi-
mum input voltage, 3 volts rms wi th 
point-contact diodes, or 25 volts rms wi th 
hot-carrier diodes. Lower frequency limit 
may be extended by addition of capacitor 
to internal terminals. Furnished wi th 
BNC or type-N input connector. Priced 
from $20 to $25, depending on options. 
For more information write to Radiation 
Devices Company, Post Office Box 8450, 
Baltimore, Maryland 21234, or use 
check-off on page 94. 

two-meter 
fm transceiver 

The new Gladding 25 two-meter fm 
transceiver features 6-channels wi th 
25-watts output. Designed and built by 
Pearce-Simpson, the world's largest manu-
facturer of marine communications 
equipment, the Gladding 25 fills the 
requirement for the amateur who wants 
high power and multichannel fm capa-
bi l i ty. Crystals are factory-installed for 
146.34/146.94 and 146.94/146.94 MHz. 

The solid-state receiver uses an fet 
front end and integrated-circuit i-f strip. 
A n 8-pole crystal f i l ter provides superior 
selectivity. The transmitter is all solid 
state except for the driver and power 
output stages; power output is 25 watts 
in the high position, 1 watt in the low 
position. Output is ±5 kHz phase modula-
tion wi th automatic deviation limiting. 
Harmonic and spurious emission is more 
than 60-dB down. 

Receiver sensitivity of the Gladding 25 
is 0.5 juV. Squelch is adjustable, 0.4 /iV or 
less for 80% rated audio output. Audio 
power output is 2 watts (10% distortion). 

Receiver spurious rejection is 60 dB or 
greater. Selectivity is ±7.5 kHz at 6 dB 
down; ±15 kHz maximum at 60-dB 
down. 

Nominal supply voltage is 13.6 volts 
dc, negative ground. Current drain on 
receive is 400 mA; standby, 1.2 amps; 
transmit, 10 amps. An optional matching 
ac power supply is available. The Glad-
ding 25 comes complete w i th mounting 
cradle and push-to-talk handset. Price, 
$249.95; accessory ac power supply, 
$69.95. Special combination price, tran-
sceiver and ac power supply, $299.95. 
For more information write to Pearce-
Simpson, Division of Gladding Corpora-
t ion, Post Office Box 800, Biscayne 
Annex, Miami, Florida 33152, or use 
check-off on page 94. 

mobile antenna system 
The Mosely Rode-Master is an all new 

amateur mobile antenna system that 
offers many significant money-saving op-
tions. The antenna covers 6, 10, 15, 40 
and 75 or 80 meters wi th an adjustable 
vswr of 1.5:1 or better at any given 
frequency on each band. The Rode-
Master features interchangeable coils for 
10, 15, 20, 40 and 75/80 meters, and is 
power rated for 400 watts PEP ssb (200 
watts a-m). The DX matching network is 
the reason Mosley can guarantee an ad-
justable vswr — the network is simple to 
install and operate the provides fine 
tuning on 20, 40 and 75/80 meters. 

The upper mast section of the Rode-
Master antenna doubles as a 6-meter 
whip, adjustable for the entire band. The 
telescoped whip-lock device permits pre-
cision tuning wi th little more than finger-
t ip pressure. The antenna may be either 
bumper or trunk mounted, and includes 
break-over (hinge) for garaging or low 
overhangs. The antenna rotates 360° in 
the break-over position; this is convenient 
for coil insertion, antenna adjustments, 
etc. For more information, write to 
Mosley Electronics Inc., 4610 North 
Lindbergh Boulevard, Bridgeton, Missouri 
63044, or use check-off on page 94. 
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fm repeater identifier 

b i i i i i H i m i H i i m 
Vt#. M M*. t t IIIMCJl S H U U N G i 

A New Magazine? 
Not really. New in the U.S.A. perhaps, 

but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu-
sively construction material. Clearly writ-
ten, concise articles give you full details 
on: 

• Audio Construction Projects 

• Receiver Construction Projects 

• Transmitter Construction Projects 
• Test Equipment Projects 

• Radio Control Projects 
. . . and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION — $5.50 

Write 

RADIO CONSTRUCTOR 
Greenville, N. H. 03048 

Name 

Address 

City State 

Zip..,. 

Curtis Electro Devices has announced 
a completely solid-state fm repeater iden-
tifier designed to provide low cost, reli-
able call-letter identification in accord-
ance with F C C regulations. The new unit, 
the ID-401, provides an audio tone out-
put in the form of a Morse code identifi-
cation (such as D E W 1 D T Y } in addition 
to carrier keying. Identification is trans-
mitted initially on repeater activation and 
subsequently every three minutes as long 
as the repeater is being used. A final 
identification is transmitted after repeater 
activity ceases. Contact closure in the 
repeater control circuitry initiates identi-
fication. 

Relay contacts are provided to key the 
repeater carrier when necessary. Provision 
is also made to transmit a continuous 
audio tone on command, and an audible 
monitor may be switched on for conveni-
ence in set-up. A cw output mode is 
available for direct keying of transmitters 
used in vhf aurora and meteor scatter 
work and similar applications requiring 
periodic identification. 

The compact unit, which uses 12 
complex integrated circuits, is completely 
enclosed in a heavy metal case and 
requires 700 m A from a 12 to 24 Vdc 
supply. Code speed, interval length and 
tone pitch and volume are adjustable. 
Operating temperature range i s - 4 0 ° F to 
+140° F. 

Code speed range of the ID-401 is 5 to 
50 words per minute; interval time range 
is Vk to 7 minutes. The capacity of the 
memory is 127 bits {one dot or one 
space = 1 bit). The unit has a built-in 
monitor speaker, and audio output of 0.5 
volts p-p, 400 to 1500 Hz; the internal 
keying relay is rated at 2 amps, 500 volts. 
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100 volt-amperes. 
Price is $129.95, FOB Mountain View, 

California for the complete unit including 
a custom programmed memory. For more 
information, write Curtis Electro Devices, 
Box 4090, Mountain View, California 
94040, or use check-off on page 94. 

motorola mosfets 

Three new dual-gate mosfets furnish 
low-cost high-performance amplifier/ 
mixer applications in communications 
equipment, i-f strips and demodulators. 
The MPF120-122 are 50-cent range, 
plastic flat-pack cased devices with effi-
cient age control, low cross-modulation 
distortion, low feedback capacitance and 
high power gain plus gate diode protec-
tion. The MPF120 is an rf amplifier to 
105 MHz with two separate channels. It 
provides excellent age action, and a zener 
diode across the gate that shunts out 
voltage transients, adds reliability and 
stability. 

The MPF121 is a vhf amplifier to 200 
MHz. The MPF 122 mixes rf with guaran-
teed frequencies of 104 and 244 MHz 
(optimum I q S S > - T H E N E W S E R I E S O F 

mosfets uses Motorola-developed silicon 
nitride passivation that ensures long-term 
stability under high-temperature and re-
verse bias conditions. Cross-mod for any 
of the devices is 1% (typical) with 100 
mV of unwanted signal. 

For more information, write to 
Motorola Semiconductor Products, Inc., 
Post Office Box 20912, Phoenix, Arizona 
85036, or use check-off on page 94. 

CRYSTAL FILTERS 
AND DISCRIMINATORS 
by KVG of West Germany 

9.0 MHz FILTERS 
XF 9A 2.5 kHz $21.95 
XF 9B 2.4 kHz $30.25 
XF 9C 3.75 kHz $32.45 
XF 9D 5.0 kHz $32.45 
XF 9E 12.0 kHz $32.45 
XF 9M 0.5 kHz $23.00 
XL10M 0.5 kHz $59.95 

10.7 MHz FILTERS 
XF 107A 14 kHz $30.25 
XF 107B 16 kHz $30.25 
XF 107C 32 kHz $30.25 
XF 107D 38 kHz $30.25 

9.0 MHz DISCRIMINATORS 
XD9-01 ± 1.5 kHz $16.95 
XD9-02 ± 3.0 kHz $16.95 
XD9-03 ± 8.0 kHz $16.95 

10.7 MHz DISCRIMINATORS 
XD107-01 ± 10 kHz $14.95 
XD107-02 ± 20 kHz $14.95 

HC6/U CRYSTALS 
XF 900 9000.0 kHz $2.75 
XF 901 8998.5 kHz $2.75 
XF 902 9001.5 kHz $2.75 
XF 903 8999.0 kHz $2.75 

ALSO: 

DUAL GATE MOSFET CONVERTER 
FOR TWO METERS 

Noise figure: 2. Excellent cross modulation and 
image rejection (116 MHz xtal oscillator.) IF 
28-30 MHz. All inductors shielded. 
Model DGTC 22 $35.00 

w 

SI SPECTRUM 
INTERNATIONAL 

BOX 87 TOPSFIELD 
MASSACHUSETTS 01983 
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> > ^ D I O D E S 

PIV 
STUD-

TOP-HAT EPOXY EPOXY MOUNT 
1.5 AMP 1.5 AMP 3 AMP 6 AMP 

50 
100 
200 
400 
600 
800 
1000 

.04 .06 .12 .15 
.06 .08 .16 .20 
.08 .10 .20 .25 
.12 .14 .28 .50 
.14 .16 .32 .58 

.20 .40 .65 

.24 .48 .75 

CAPACITORS 
ALL NEW FULL AXIAL LEADS 

1 Mfd 
3 Mfd 
5 Mfd 

10 Mfd 
30 Mfd 
80 Mfd 

LOO Mfd 
250 Mfd 
500 Mfd 
500 Mfd 

1000 Mfd 
1500 Mfd 
3000 Mfd 

@ 25 
@ 6 
@ 15 
@ 6 
@ 15 
@ 2.5 
@ 15 
@ 30 
@ 25 
@ 50 
@ 12 
@ 25 
© 16 

Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 

for 
for 
for 
for 
for 
for 
for 
for 
for 

40 
for l 
for : 
for : 

tl.00 
1.00 

11.00 
H.00 
I .00 
.1.00 
.1.00 
;i.oo 
11.00 

ea. 
11.00 
11.00 
11.00 

6 Foot Gray Line Cord. UL Approved. Very 
404 «•• ppd 

CDE TYPE WMF MYLAR CAPACITORS 
ALL 100 VOLTS 

.033 Mfd <§ 100 V Sc1 ea or 14 for $1.00 
.22 Mfd @ 100 V 10C ea or 12 for $1.00 
1.0 Mfd @ 100 V 25c ea or 5 for $1.00 

AMERICAN MADE 
CERAMIC DISC CAPACITORS 
YOUR CHOICE 20 for $1.00 

.005 Mfd @ 1000 V 

.001 Mfd @ 1400 V 
.01 Mfd @ 1400 V 

DIPPED CAPACITORS 
ALL 200 VOLTS 

YOUR CHOICE 20 for $1.00 
.033 Mfd © 200 V 

.02 Mfd @ 200 V 
.22 Mfd ® 20 V 

Tl 1N914 Diode 16 for $.00 ppd. 

1N4007 Diodes 28c ea. ppd. 

Unmarked Germanian diodes, similar to 1N34. 
25 for $1.00; 100 for $3.00 

2N3055 Transistor $1,50 ea or 3 for $4.00 ppd. 

SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6 % State sales tax 

ALL ITEMS PPD. USA 

M. WEINSCHENKER K3DPJ 
BOX 353 . IRWIN, Pa. 15642 

fet vom 

The Triplett model 310-FET vom is an 
all solid-state instrument that features 
10-megohm input impedance. The bat-
tery-operated unit has a single selector 
switch and provision for attaching an ac 
clamp-on adapter. It has high sensitivity 
of 300 mV dc full scale for transistor bias 
measurements, and resistance measure-
ments to 500 megohms. Open-circuit 
voltage is 1.5 volts on all ranges; maxi-
mum short-circuit current is 30 mA. 
Accuracy is 3 % of full scale on dc, 4 % of 
full scale on ac, and 3 % of dc arc on 
ohms. The meter has a zero-center mark 
for null measurements, and a polarity-
reversing switch for dc and ohms. Sixteen 
ranges include dc current to 1.2 mA, dc 
voltage to 600 volts, ac voltage to 600 
volts and ohms to 50 megohms (center 
scale). Price is $74.00 complete with 
leads, instruction manual and batteries 
from Triplett Corporation, Bluffton, 
Ohio 45817, or use check-off on page 94. 

multi-tone 
repeater panel 

Alpha Electronic Services has intro-
duced a new, smaller 10-tone repeater 
control panel, the RCP-760. This unit is 
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especially designed for two-way radio 
repeater or shared repeater systems, 
where the high reliability of solid-state 
circuitry is required at low cost. The 
RCP-760 wil l respond to the receipt of 
any of up to ten tone frequencies by 
keying and modulating the transmitter 
with regenerated received tone. The de-
sired tone frequencies are determined by 
merely plugging in circuit board modules; 
up to twenty combinations can be 
achieved by the addition of the 
RCP-769-1 accessory panel. 

When ordered with at least one set of 
tone modules, the RCP-760 comes com-
plete and ready to install. Built-in voltage 
regulation allows efficient operation over 
a wide range of input voltages (normal 
12.6 Vdc). Dimensions are only 3-1/2 
high, 3-3/4" deep, on a 19" panel. A 
117-Vac Power supply is available. 

For more information, write to Alpha 
Electronic Services Inc., 8431 Monroe 
Avenue, Stanton, California 90680, or 
use check-off on page 94. 

communications ic 
National Semiconductor has started 

production of an integrated circuit which 
may qualify as a general-purpose com-
munications subsystem. The LM373, 
designed for a-m, fm and ssb applications, 
contains two amplifier sections (four 
gain/Iimiters), a gain-control stage, fully 
balanced fm and ssb detector, and an 
active a-m/ssb peak detector whose 
output matches the age input charac-
teristics. The bandpass characteristics can 
be shaped from audio to 15 MHz with a 
single external filter — crystal, ceramic, 
mechanical of LC. An LC tuned quadra-
ture circuit gives 80-mV audio output for 
75 kHz deviation at 10.7 MHz in a typical 
wideband fm application. In a-m opera-
tion typical sensitivity is 5 microvolts for 
10 dB signal and noise. Price is $4.85 
each in small quantities. For sales infor-
mation, write to National Semiconductor 
Corporation, 2975 San Ysidro Way, Santa 
Clara, California 95051. 

INTEGRATED CIRCUITS 
FACTORY FRESH - NO REJECTS 

W/SPEC. SHEETS 

FAIRCHILD - PHILCO - RCA 
MOTOROLA - NATIONAL 

NEW LOW PRICES 
RTL or TTL LOGIC 

UL 900 Buffer B0<? 10/5.50 
UL 914 Gate 80«t 10/5.50 
UL 923 JK Flip-flop $1.50 10/8.50 
MC 790P Dual JK Flip-flop $2.00 10/18.95 
MC 890P Dual JK Flip-flop $2.00 10/18.95 
MC 789P Hex Inverter ) 
MC 724P Quad 2 Input Gate 
MC 799P Dual Buffer J / a 

• • • 

7400 Quad 2 Input NAND Gate 65tf 10/5.95 
7404 Hex Inverter 65tf 10/5.95 
7441A Decimal Decoder/Driver 

$3.50 10/29.95 
7473 Dual JK Flip-flop $1.30 10/10.95 
7475 Quad Latch $2.10 10/19.95 
7490 Decade Counter $2.40 10/19.95 
709 Op Amp $1.75 10/16.50 
741 Op Amp $2.70 10/25.00 
CA 3035 Linear Amplifier $2.25 10/21.95 
14 Pin Dual Inline socket terminals 

25<< 10/2.25 
16 Pin Dual Inline socket terminals 30«f 10/2.75 

• • • 

NEW NATIONAL Lone Life Nixie tubes NL 
940S 0-9 with two decimal points 

$4.50 ea. 10/42.95 
SOCKET for NL 940S 50^ each 
100 KC CRYSTAL NEW $3.95 
Western Union facsimile machines, send 

and receive pictures and memos. Works 
on 115 v 60 cycles. Shipped with auto-
start, auto-phase pos-to-pos, conversion 
instructions. 20 lbs. $19.95 

• • • 

88 MH TOROIDS 10/3.00 
DOOR KNOB CAPACITORS 

600 PF - 12 KV 75f 
40 PF - 5 KV 50r 
50 PF • 7.5 KV 50<< 

• • • 

R & R ELECTRONICS 
311 EAST SOUTH ST. 
INDIANAPOLIS, IND. 
46225 

$5.00 minimum order. FOB Indianapolis 
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June is antenna 
and tower month. 

• HY-GAIN 

• ANTENNA SPECIALISTS 

• CUSHCRAFT 
& NEW-TRONICS ANTENNAS 

• CDE and 
HY-GAIN ROTATORS 

• ROHN TOWER 

See or write us for your needs. 

The midwest's newest 
communications center. 

COMMUNICATIONS WORLD, INC. 
4788 STATE ROAD 

CLEVELAND, OHIO 44109 
(216) 398-6363 

A T 
M SPEECH COMPRESSOR™ 

REALLY WORKS! 

RPC-3M MODULE 
(ONLY $22.50) 

• LOW DISTORTION 
C I R C U I T 

• l-ULLY W I R E D & 
T E S T E D NOT A KIT 

• WORKS WITH 
PHONE PATCH 

• INTERNAL UNITS 
& MODULES WORK 
MOBILE 

• FULL WARRANTY 
—ONE YEAR 

• INTRODUCTORY 
LOW PRICES 
(Illinois residents ;itld 
5% Sales Tax) 

Write for specifications 

and information sheets 

(free) 

Demonstration Tape (cas-
sette) available ($2.00 de-
posit ) 

mosley two-meter 
antenna 

RPC-3C CABINET MODEL 
($34.95) 

RPC-3.3U INTERNAL UNIT 
( $ 2 4 . 9 5 ) 

^p Electronics 
BOX 1201H 
CHAMPAIGN, ILL. 
61820 

The new omni-direction vertically-
polarized Diplomat 2 antenna from 
Mosley features low angle of radiation for 
maximum coverage. Gain is specified at 
3.4 dB as compared to a %-wave ground 
plane, and vswr is 1.5:1 or better. Input 
impedance is 52 ohms. The vertical 
element is made from high tensile 
strength aluminum; the base is high-
impact polystyrene. The Diplomat 2 is 
rated at 1 kW a-m or cw, 2 kW PEP ssb 
(input to the final amplifier). The base 
mounting fits up to a 1'/2-inch mast. The 
Diplomat 2 is available at your dealer for 
$10.58; similar antennas for six and ten 
meters, the Diplomat 6 and Diplomat 10, 
are $21.75 and $29.30 respectively. For 
more information, use check-off on page 
94, or write to Mosley Electronics, Inc., 
4610 North Lindbergh Boulevard, Bridge-
ton, M issouri 63042. 

new fee form 
Effective July 1, 1971, the Federal 

Communications Commission will accept 
for filing only editions of FCC Form 610, 
Application for Individual Amateur 
Radio Station and/or Operator License, 
dated July, 1970 or later. These forms are 
currently available. No applications on 
FCC 610 forms dated before July, 1970 
will be accepted for filing after July 1, 
1971. 
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a second 
Ji 

look fisk 
Radio signals from a spacecraft on the 
other side of the suri have been used to 
prove, once again, the correctness of 
Einstein's General Theory of Relativity. 
This theory, which is an extension of the 
well known equations that relate mass 
and energy, is a geometrical theory of 
gravity, and is of tremendous importance 
to understanding the universe. 

According to the General Theory of 
Relativity, electromagnetic waves near 
massive bodies, such as the sun, travel 
more slowly than they do in free space. 
Until recently, there have been three 
methods of testing this theory, all pro-
posed by Einstein. One test involves the 
slowly-rotating elliptical orbit of Mercury, 
the planet nearest the sun. Einstein's 
equations predict the slight rotation of 
the orbit much more closely than the 
older gravitational theory of Sir Isaac 
Newton. 

A second test predicts a slight change 
in the color of the light from the sun and 
the stars. The stars' intense gravitational 
fields cause the light they produce to 
shift toward the red end of the spectrum, 
as seen from the earth. Although this ef-
fect has been observed, it has not been 
measured accurately because the shift is 
very slight and difficult to measure. 

A third test considers the apparent 
bending of starlight as it passes through 
the gravitational field of the sun. How-
ever, this can only be measured during a 
total eclipse of the sun so distant stars 
can be observed optically. When this rare 
alignment of the stars took place in 1919 
Einstein's predictions were verified with-

in the accuracy of the measuring equip-
ment. 

A chance for a fourth test of the Gen-
eral Theory of Relativity occurred re-
cently when the Mariner 6 spacecraft 
passed near the sun. This is the same 
craft which flew by Mars in 1969 and 
measured surface temperatures and at-
mospheric composition, and sent back tel-
evision pictures of the planet's surface. 
Since Mariner 6 passed very close to the 
sun's intense gravitational field, accord-
ing to Einstein's equations the radio sig-
nals from the spacecraft would be slowed 
slightly. 

To measure this signal delay radio sig-
nals were transmitted from earth to a re-
peater on board the Mariner 6 which re-
turned the signals to earth. The normal 
round-trip time for the signals, not count-
ing any gravitational affects, is estimated 
at 45 minutes. According to the General 
Theory of Relativity the radio signals 
would be slowed by 200 microseconds as 
they traveled through the sun's gravita-
tional field. 

Information recently released by the 
Jet Propulsion Laboratory in Pasadena, 
California indicates that the Mariner 6 
radio signals exhibited a maximum rela-
tivistic signal delay of about 204 micro-
seconds, within two per cent of that pre-
dicted by Einstein's Theory. If the six-
teenth-century theory of Isaac Newton 
were correct there would have been no 
time delay at all. 

Jim Fisk, W1DTY 
editor 
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integrated-circuit 

communications 
receiver 

for 80 meters 

A high-performance 

integrated-circuit 

ssb receiver featuring 

half-microvolt 

sensitivity, 

crystal-filter selectivity 

100-dB age range 

and low-drift vfo 
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Integrated circuits are being used more 
and more in the design and construction 
of amateur radio equipment. The idea for 
this receiver was originally conceived 
after reading K7WQR's excellent article 
on the Motorola MC1596G balanced 
modulator.1 In the receiver described 
here the MC1596G is used as a double-
balanced mixer. 

The first receiver I built around the 
MC1596G is shown in block form in fig. 
1. This original prototype had no front 
end, i-f amplifier or age circuits. However, 
with the high conversion gain provided by 
the MC1596G* signals on 80 meters were 
copied with little effort. 

The second design, shown in fig. 2, 
added an RCA 40673 zener-protected 
dual-gate mosfet rf amplifier stage ahead 
of the MC1596G mixer. However, manual 
control of rf and audio gain was still 
required to listen comfortably to signals 
on 80 meters. (The front panel has an rf 
gain control which is not used in the final 
design; this was used in the second 
prototype.) 

An age system for a receiver with no 
i-f stages presented a real problem. I was 
stuck until I discovered the Plessey 
SL-600 series of integrated circuits. One 
of these ICs, the SL621, is designed 
specifically for gain control circuitry; 
another, the SL610, is designed for rf 
amplifier applications. With the discovery 

•Gain of the MC1596G is typically 24 dB when 
impedances are properly matched. 
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3-5.3 NHt 

fig. 1. Block diagram of the original receiver design. No front-end, i-f strip or age was required for 
copying signals on 80 meters. 

of these vital links, the receiver design 
finalized into the form shown in fig. 3. 

A s can be seen from the schematic and 
photographs, modular construction was 
used throughout the receiver. This speeds 
construction time, allows bench testing of 
all modules before deciding on final 
mechanical design, and allows for circuit 
changes without upsetting the physical 
layout. 

rf amplifier 
The Plessey SL610C is a low-noise, 

low-distortion rf voltage amplifier with 
integral supply-line decoupling and provi-
sions for age. It has a 50-dB age range 
with maximum signal handling capability 
of 250 m V rms. 

The rf amplifier stage was built on 
single-sided copper-clad printed-circuit 
board. Generous quantities of Teflon 

DUA10ATE MOSFET 

Top view of the receiver with 100-kHz crystal 
oscillator on the left, 5 -MHz vfo in center, and 
high-frequency mixer, crystal filter and power 
transformer to the right. 

push-through terminals keep construction 
simple and leads short and direct. Minia-
ture RG-174/U coaxial cable is used in the 
rf amplifier and to connect the modules 
together throughout the receiver. Expen-
sive coaxial connectors are eliminated by 
running the coax through rubber grom-
mets in the chassis. 

The rf amplifier, as well as the other 
individual circuit modules, is housed in a 
small minibox; power-supply voltage is 
fed in through a 0.001 ̂ F feedthrough 
capacitor. With this construction tech-
nique no oscillations were experienced; 
gain is approximately 18 dB. 

mixer and filter 
Except for the addition of ssb input 
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fig. 3. Circuit diagram of the final design integrated-circuit 80-meter receiver. Power-supply circuit is 
shown on page 9. Bfo crystals V I and Y 2 are furnished with the crystal filter. Author used Snelgrove 
FL-9000-1 crystal filter. However, K V G XF-9B or McCoy Silver Sentinel will work as well. 

and output transformers, the balanced 
mixer configuration is the same as that 
described by K7WQR. The Miller trans-
formers have low loss, provide sharp 
tuning and appear to match the crystal 
filter very well. The 24-pF capacitors 
across the transformer windings provide 
increased gain. These transformers 

eliminate the complex problem of match-
ing the input and output impedance of 
the crystal filter. Incorrect impedance 
matching severely distorts the passband 
of the filter; homebrewing these trans-
formers is much too difficult for the 
average experimenter. 

The 90-dB dynamic range of the 
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L1.L2 Cambion LS3-5 with 4-turn link or 
25 turns no. 22 enameled on Amidon 
T50-6 toroid form with 3-tum no. 
22 link 

L3 14 turns no. 28, 5 /8" diameter, slug 
tuned. 

MC1596G integrated circuit makes the 
device relatively insensitive to input 
levels. This fact, coupled with the 3-juV 
sensitivity and high conversion gain, 
makes the MC1596G the logical choice 
for the balanced mixer stage. 

T 1 

T 2 

ssb input transformer (J. W. Miller 
1740) 

ssb output transformer (J. W. Miller 
1741) 

The only adjustments in the mixer/ 
filter module are T1, T2 and the 50k 
null-adjustment pot. Transformers T1 and 
T2 are tuned for maximum signal. The 
null-adjustment pot is set for maximum 
9-MHz signal at pin D of T2. These 
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adjustments are quite simple as they are 
rather well defined. 

vfo 
The vfo is basically the same as the 

circuit presented in the 1969 edition of 
The Radio Amateur's Handbook.3 This 
vfo is extremely stable and the output 
waveform is clean and symmetrical. A 
bandpass filter is not required on the 
output because the high common-mode 

rejection of the IC balanced mixer 
(typically 85 dB) eliminates any un-
wanted sidebands present in the vfo 
signal. 

With this circuit vfo drift over a period 
of several hours was on the order of a few 
cycles per second. This far exceeds the 
requirements for this receiver. I have used 
this circuit several times, and the pur-
chase cost of the 3N128 mosfet is well 
worth its performance and stability. How-
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ever, to obtain good stability it is impor-
tant to use a good quality double-bearing 
air-variable capacitor along with rigid 
mechanical design. 

product detector 

The product detector circuit is essen-
tially the same as that described by 
K7WQR. High-level signal performance 
and sensitivity is excellent; conversion 
gain is high, typically 24 dB. In fact. 

performance of this circuit is so good, 
VE3GFN has discarded his hot-carrier 
diode product detector4 and replaced it 
with this one. 

audio 

The audio system uses another IC, the 
General Electric PA237. Although this IC 
should be used with a power supply of 24 
volts for its rated output power of 2 
watts, with a 12-volt power supply it 
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drives adequately a pair of Armaco P-500 
stereo headphones. A less expensive audio 
system would probably result from using 
a consumer-rated audio-power IC such as 
the Motorola MFC9010. 

age 
The age system is built around the 

SL621C age generator manufactured by 

a 110-dB range of receiver input signal. In 
my receiver the audio level holds within 4 
dB for rf input signals up to 150 mV rms. 

If you consider using the SL621C I 
recommend that you read the excellent 
article by W3TNO.s The input to the 
SL621C must be held to approximately 
10 mV rms. In the circuit in fig. 3 I have 
used W3TNO's method of accomplishing 

Under the chassis. From left to right, front, product detector, bfo, age generator and rf amplifier. 
Power supply is upper left. The audio output board is on edge in the upper center. 

Plessey Microelectronics.* This IC is de-
signed to be used with the SL610C rf 
amplifier in ssb applications. As with 
other advanced age systems, this inte-
grated circuit generates the age voltage 
directly from the detected audio wave-
form, provides a "hold" period to main-
tain the age level during speech pauses 
and is immune to noise interference. 
When the SL621 age generator is used in 
conjunction with the SL610 rf amplifier, 
audio level is maintained within 4 dB for 

* Plessey integrated circuits are available from 
Plessey Electronics Corporation, 170 Finn 
Court, Farmingdale, Long Island, New York 
11735. The SL610C rf amplifier and SL612C 
i-f amplifier are $5.65 each; the SL621C age 
generator is S8.30. 
The following semiconductors are available 
from Circuit Specialists Company, Box 3047, 
Scottsdale, Arizona 87257. MC1496 ($3.90), 
T I S 5 8 / H E P 8 0 2 ($1.59), 2N3904 /HEP736 
($1.28), 2N2219 ($1.38), 2N3054 /HEP703 
($2.75), PA237 ($4.30), 3 N 1 2 8 ($1.74), 
12-volt Z0222 zener (.70), 6-volt Z0215 zener 
(.70) and 1N4148 (.40). Please add 25c for 
shipping. 
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this: An emitter-coupled clipper to pre-
vent the input capacitor from charging, 
and a resistive voltage divider to keep the 
audio signal at the 10 mV level required 
by the IC. 

power supply 
The two voltage requirements of 6 and 

• INPUT 

generator. No cross modulation was de-
tected for input levels up to 100 mV rms. 
Frequency readout (with the Eddystone 
898* dial) is to 1 kHz; frequency error 
over the 500-kHz tuning range is 18 kHz. 

conclusions 
I plan to use other versions of this 

basic design in future homebrew re-
ceivers. One possible approach is to feed 
the antenna directly into the first mixer 
and use age in the i-f section as in the 
W7ZOI design.7 The Plessey SL612 in-
tegrated-circuit i-f amplifier is compatible 
with the SL621C age generator and looks 
like an ideal choice. I am presently 
working on an all-band converter using 
the MC1596G balanced-mixer IC that will 
use this receiver as a tunable i-f from 3.5 
to 4.0 MHz. 

I would like to thank M. Goldstein, 
VE3GFN, and A. Martin for the photo-
graphs; I would also like to thank J. 
Riach, VE3DSR, for his constructive 
criticism. 

PUCKS 

fig. 4. Printed-clrcuit layout for the 1-watt 
Integrated-circuit audio power amplifier. 

12 volts are derived from series-type 
voltage regulation (fig. 3). This method is 
quite good if a large amount of filtering is 
included in the circuit. However, for 
better regulation and less ripple you 
should consider one of the integrated-
circuit voltage regulators that are avail-
able. 

performance 

The sensitivity of the complete com-
munications receiver is 0.5 /iV for 10-dB 
signal-plus-noise-to-noise ratio; this was 
measured with a Boonton type 65B signal 
•The spinner-type main-tuning knob shown in 
the photographs is nol standard; it was ma-
chined by VE3ELP. 
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solid-state 
two-meter 

fm transmitter 

This high-performance 

phase-modulated 

144-MHz transmitter 

features 8-watts output 

with a 12-volt 

power supply 
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This two-meter fm transmitter is suitable 
for operation through the fm repeater 
stations which are located on a great 
many mountain tops. With an auto-
battery power supply of 12 to 14 volts 
carrier output measures from 2 to 3 
watts. A 24-volt supply to the final 
2N3632 power stage will provide 7 to 8 
watts of fm output. The 2N3632 tran-
sistors are not the most desirable type, 
but surplus devices were less expensive 
than the newer types which were avail-
able a year or so ago. Some 2N3632 
transistors run wild and burn out easily 
when used with a power supply greater 
than 15 volts. 

Phase modulation, converted to fm, is 
much easier to handle than a-m with 
transistor systems, and carrier output is 
about twice as high as that for a-m. The 
collector supply with amplitude modula-
tion has to be reduced greatly with most 
power transistors to operate within the 
maximum allowable peak voltages. Ssb 
has the same problems. These modulation 
systems require power transistors with 
good linearity and peak voltage ratings 
more than four times the value of dc 
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supply.1 Phase or frequency modulation 
requires that the peak voltage underload 
conditions be less than twice the dc 
supply value. This permits supply voltages 
two times higher and results in 2 to 4 
times as much rf carrier output. 

In an overall system with a good fm 
receiver (not slope detection) fm can 
compete with ssb in effectiveness; it may 
even surpass ssb for difficult paths on 144 
MHz. Also, ignition and some power 
noises are suppressed much better by fm 
receivers since the limiters in an fm 
receiver which remove a-m also knock off 
noise pulses at the carrier level. This 
cannot be done in an a-m or ssb receiver 
without some pretty sophisticated i-f 
noise blankers. 

This transmitter has been in inter-
mittent service for over a year with a 
repeater which is behind a small moun-
tain range. It is not line of sight, and the 
"knife-edge" diffraction effects are very 
poor in the direction of my station. The 
previous 1-watt fm transmitter wouldn't 
do the job even with a 10-dB gain 
antenna. This transmitter usually does the 
job. 

phase modulator 
The phase modulator uses a pair of 

varactor diodes — rectifiers normally used 
for small power supplies. The 1IM645 

Inside the fm transmitter. R f power output 
transistor is stud-mounled to the large heat 
sink on the r ight Mounting chassis Is 
3x5x10 inches. 

rectifier has some variable capacitance 
effect with variations of audio voltage 
when the diodes are reverse biased with a 
few volts. Nearly any small power 
rectifier with very high back resistance 
will work in this circuit. Some types have 
much higher resting capacitance and re-
quire a smaller shunt inductance to 
resonate at 4.6 MHz. 

The 1N645s in series work with a 
slug-tuned coil (from an older type broad-
cast receiver) since the total shunt 
capacitance is only a few picofarads. The 
untuned crystal oscillator is lightly loaded 
through a 2-pF capacitor. The crystal can 
be zeroed in on a desired frequency if it is 
slightly off by means of a variable 
capacitor from one side of the crystal to 
ground. 

The phase modulator LC circuit 
should be used to drive a high input 
impedance class-A amplifier through a 1-
or 2-pF capacitor. Actually, it can be 
used to drive a frequency doubler with-
out too much distortion if the rf output 
requirements are moderate. In the circuit 
shown (n fig. t frequency doubiers are 
used throughout; in the first few doublers 
the power requirements can be met with 
small surplus transistors of the 2N706 or 
2N708 class. The 2N5188 power tran-
sistor can be made to work up to 148 
MHz but it will not put out much over 
250 or 500 milliwatts since a 12-volt 
power supply is near its maximum rating. 
The 2N5188 is in the half-dollar price 
range from RCA distributors. 

This type of frequency-doubler drive 
circuit has proven to be much superior to 
inductive-coupled circuits. The capaci-
tance dividers step the tuned-circuit im-
pedance down to 50 ohms or so to work 
into the base of the next stage. The large 
capacitance across the base acts as a low 
impedance of a few ohms at the doubled 
output frequency. Without a low-imped-
ance path from base to emitter the 
collector-to-base capacitance will feed 
back enough energy to greatly reduce 
output power. 

This frequency multiplier design saves 
dc power and transistor heating, and 
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permits considerable latitude in choosing 
transistors. For maximum efficiency the 
transistor should have a cutoff frequency 
rating of 5 to 10 times the operating 
frequency. The 2N5188 is operating too 

2N3632 which costs less on the surplus 
market. 

rf amplifiers 
The rf amplifier circuits were chosen 

SNTVeCR 
IHSM «f 

close to its cutoff frequency for good 
efficiency as a two-meter doubler, but 
some devices work reasonably well as 
two-meter amplifiers. 

The lower-frequency doubler stages 
are not as critical, so I moved the tran-
sistors around for best overall drive to the 
final amplifier. One 2N5188 worked 
fairly well in the 144-MHz 2N3553 stage 
(at 1/10 the cost) with only a 12-volt 
power supply; the 2N5188 will not work 
at higher supply voltages. However, this 
transmitter is normally used with a 
12-volt storage battery so the 2N5188 is 
used most of the time in the 144-MHz 
stage to save the more expensive 2N3553 
for other uses. {The 2N3553 makes a 
good final amplifier with a 24- or 28-volt 
supply providing 5 to 7 watts output.) 
With a 12-volt supply power output is less 
than 2 watts, somewhat inferior to the 

from a standpoint of less parasitic oscilla-
tion and transistor burnout than other 
circuits I've tried in previous transmitters. 
The little power transistors are real mon-
sters unless the base-to-emitter path is 
just right. A small rf choke consisting of 5 
or 6 turns of wire on a lossy 1/8-inch 
diameter ferrite rod makes about the best 
dc path from base to emitter. If the rf 
driving power is large enough, a 10-ohm 
carbon-composition or carbon-film re-
sistor can be used for this dc path in place 
of the ferrite-core rf choke. 

The more rf and dc power into and 
out of a transistor, the lower the input 
and output impedances. You can expect 
values of 2 to 10 ohms in the output 
stage. This makes it difficult to match 
impedances to the driver and the antenna 
circuits. 

As shown, with only one tuned circuit, 
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harmonic output is high. However, I 
use a dual-cavity antenna filter on all 
transmitters and receivers between the 
antenna coax lead and the coaxial relay. 
This reduces the harmonic content of all 

ing is needed in this stage. The 2N5183 
and 2N3565 transistors used in the other 
audio stages are low priced high gain 
bypolar types. A diode speech clipper was 
added to keep the average modulation 

LS 
0VJWS 7*"X' 

X2 

L I 1 0 0 - 2 5 0 / U H loopstick L 8 

L 2 , L 3 2 0 turns no. 26 enameled on V4-inch 
fo rm, 3 /8 - inch long L 9 

L 4 10 turns no. 22 enameled on '/4-Inch 
form, 3 /8 - inch long, center-tapped L 1 0 

L5 7 turns no. 20 enameled, center-
tapped, '/4-inch diameter wi th brass L l l 
slug 

4 turns no. 20 , 3 /16 - inch diameter, 
'/2-inch long 

6 turns no. 20 , 3 / 1 6 - i n c h diameter, 
3/4-inch long 

3Vz turns no, 20 , 3 /16 - inch diameter, 
%-inch long 

3 turns 1/8- inch copper r ibbon, 3 /8-
Inch diameter, Va-inch long 

L 6 , L 7 5 turns no. 20, tapped 2 turns f r o m 
ground, on '/4-inch f o r m , 3 /8 - inch 
long 

fig. 1. Schematic for the 8 -wat t two-meter f m transmitter. Smal l decoupling rf chokes in the 12-voit 
supply lines are approx imate ly Vz-/M. T h e ferrite-core rf chokes in the last t w o stages consist of 6 
turns no. 2 0 enameled on a 1 /8- inch diameter powdered- i ron rod f r o m a 4 5 5 - k H z i-f t ransformer. 

144-MHz transmitters and reduces image 
response when receiving. By using an un-
loaded Q of 1500 to 2500 in this antenna 
filter, loaded down to a Q of 15 or 20 by 
the 50-ohm terminations, signal loss is 
quite small. Two tuned circuits provide 
about 40-dB harmonic suppression with 
less loss than with one higher-Q circuit 
loaded less heavily. 

audio 
The audio system in this transmitter is 

designed for high-impedance crystal or 
ceramic microphones. The fet pre-
amplifier (2N4302 or MPF103, etc.) has a 
high input impedance. Rf feedback in a 
two-meter transmitter is always a 
problem so some rf filtering and bypass-

level as high as possible. The frequency 
components above 2000 Hz are reduced 
by a low-pass filter consisting of a small 
1-H choke and a pair of 0.047/uF capaci-
tors. The higher audio frequencies must 
be attenuated in order to convert from 
phase to frequency modulation.2 The 
phase modulator diodes require only a 
volt or two of audio in the lower voice 
frequency range, and a small fraction of a 
volt at 2500 Hz. The RC values in the last 
audio stage aid this affect. 

references 
1 .Pau l Franson, W A 7 K R E , " H o w to Use RF 
Power Transistors," ham radio. January, 1970 , 
page 8. 
2. Les Cobb, W 6 T E E , " M o d u l a t i o n Standards 
for V H F F M , " ham radio, June, 1 9 7 0 , page 16. 
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crt 
intensifier 

for RTTY 

A simple circuit 

for intensifying 

the RTTY monitor scope 

during receive 

Radioteletype is a very interesting facet 
of amateur radio, and equipment is often 
designed for the highest degree of auto-
mation. When using an oscilloscope as a 
tuning aid there is no problem of beam 
brilliance as long as the beam is being 
deflected by the incoming mark and 
space signals. The beam can be adjusted, 
using the intensity control, for proper 
brilliance with signal. However, a problem 
arises during RTTY operation when no-
signal periods occur—the beam is not 
moving, and screen brightness becomes 
very intense. Unfortunately, the high 
intensity spot will burn the screen if the 
intensity control is not turned back. 

The inconvenience of monitoring beam 
brilliance and continually making adjust-
ments to save the cathode ray screen led 
me to look for a system that would 
accomplish this function automatically. 

The desired circuit for controlling 
cathode-ray-tube bias should OR the 
mark and space signals so that if either is 
present the grid bias on the cathode ray 
tube is lowered, and the signal pattern is 
displayed. 
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Two requirements are necessary for 
controlling cathode-ray-tube bias. First, 
the bias must not get low enough to cause 
the electron beam to bloom (get out of 
focus). The beam focus point changes 
when the beam current passes a certain 
point, and this must be avoided. The 
maximum positive voltage that the con-
trol circuit can apply to the grid of the 
tube must be limited to a maximum thai 
will not cause blooming of the beam. 

Second, the control circuit should 
have some degree of proportional control 
when the incoming mark and space 
signals begin to fall below the level ai 
which limiting takes place in the RTTV 
converter and the display on the cathode 
ray tube screen begins to shrink. As the 
display begins to shrink and beam trave 
speed is reduced, screen brilliance wil 
increase due to the reduced area oi 
illumination. The increase of brilliance 
with reduced display size points out the 
desirability of a brightness control that i; 
proportional to display size when signa 
levels fall below the limiting levels of the 
RTTY converter. 

the circuit 

A circuit which will provide brightnes: 
control of the cathode ray tube durin< 
typical RTTY signal conditions is showt 
in fig. 1. The intensifier circuit is con 
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fig. 1. Schematic of the C R T intensifier. 

Value of CR5 is discussed in text. 
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nected between the brightness control 
and the cathode-ray-tube control grid. It 
is activated by space and mark signals 
from the oscilloscope's X and Y ampli-
fiers. Loading on the X and Y amplifiers 
is reduced by the 150k resistors R2 and 
R3. Coupling to the X and Y channels is 
provided by C2 and R2 to the X amplifier 
and C3 and R3 to the Y amplifier. 

operation 

The dc intensification voltage is de-
veloped across R and C. The peak intensi-
fication voltage is set by the 10-volt zener 
diode, CR5, and limits this voltage to a 
safe value which will not cause blooming 

r ^ r — 
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fig. 2. Full-size printed-circult layout for 
the C R T intensifier. 

of the beam during intensification. Selec-
tion of the zener diode as well as sugges-
tions for particular applications will be 
discussed later. 

The rectifier circuits from the X and Y 
oscilloscope channels consist of voltage-
doubler circuits. The X circuit is made up 
by CR1, CR3, and C2, with C1 and R1 
common to both the X and Y channels. 
The Y circuit consists of CR2, CR4 and 
C3 with C1 and R1. The X and Y signals 

feed into their respective doubler circuits; 
the highest signal, mark or space, sets the 
voltage level until the zener diode begins 
to conduct and limit the voltage to a peak 
brightness level. The time constant for 
the brightness level is determined by C1 
and R1. By varying C, the length of time 
is controlled during which intensification 
is extended. 

construction 
To determine the required zener volt-

age for particular scope the following 
procedure is recommended. A high-
impedance voltmeter is connected be-
tween the grid number 1 and the cathode 
of the CRT. (Caution. High voltages are 
usually involved, so do not change con-
nections or touch ths voltmeter while 
power is applied.) 

The first measurement is obtained by 
applying power to the scope without 
mark or space input signals. (This should 
produce a spot.) Reduce intensity until 
the spot is completely extinguished; then 
read and record the voltage. The next 
reading is made with both mark and space 
signals applied, the CRT showing a cross 
display. Adjust the brilliance until a 
pleasing display intensity is obtained; 
then read the voltmeter and record this 
reading. To obtain the zener voltage 
rating subtract the second reading from 
the first; a quarter-watt zener diode with 
this voltage rating will provide good 
results, 

The CRT intensifier can be built on a 
small printed-circuit board or Vector-type 
perforated board. Or, you may mount the 
components on two or three terminal 
strips which have been installed at con-
venient spots on the scope chassis. Fig. 2 
shows a printed-circuit layout which in-
cludes mounting holes. This layout is 
small enough so that no trouble should be 
experienced in finding a suitable location 
within your scope. The board can be 
vertically mounted with L-shaped 
brackets. If the circuit board is mounted 
inside the scope give proper consideration 
to lead length and proximity to other 
components. 
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superior 
phone patch 

A legal phone patch 

with many 

desirable features 

including complete 

operator control 
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Hybrid circuits to interconnect the 
amateur station and a commercial tele-
phone circuit are not uncommon, both in 
kit form and assembled. Most such phone 
patches, however, have a number of 
disadvantages. These include the necessity 
of using the telephone handset, which 
frequently over-drives the transmitter; 
complex prodecures to go from normal 
operation to patch and return; and un-
satisfactory vox operation. 

features 

The unit described in this article over-
comes the problems mentioned above and 
has additional desirable features. The 
operator can talk to either party - tele-
phone or radio — together or selectively, 
using the station microphone and headset 
or speaker. He is in complete control, 
with ability to cut off or override either 
party at any time. Changeover from 
normal operation to patch and back is 
simple and fast. Finally, it is possible to 
record all three parties' conversations and 
play the recording back to telephone, 
radio, or local monitor. 

A block diagram of the system is 
shown in fig. 1. Even without the tape 
recorder connections, which are omitted, 
it is apparent that each input — trans-
mitter, telephone, and monitor — receive 
signals from two sources; and some form 
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of hybrid or other isolation is required to 
keep the signal originating at one source 
from feeding back to the other. However, 
the only place where input and output 
circuits have c ommon terminals is the 

simpler circuit at no greater cost. The 
amplifiers are Motoro la M C 1 4 3 9 G s — in-
ternally protected against input overload, 
latch-up, and output short-circuit; and 
they're relatively inexpensive. 

fig. I. System block 
diagram. Each Input 
receives signals from 
two sources; feed-
back is eliminated 
by hybrid circuit 
and amplifiers. 

AMP 
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phone, so this is the only place a hybrid is 
required. The rest of the isolation can be 
accomplished with amplifiers, indicated 
by triangles in the diagram. 

The original version of this patch used 
transistors and other discrete compo-
nents. The present model employs IC 
operational amplifiers, resulting in a 

Connect ions for a typical audio ampli-
fier are shown in fig. 2. The model shown 
is an inverting amplifier, with signal input 
at the inverting (-) lead and the noninvert-
ing {+) lead grounded. It is stabilized by 
0.1 {JiF bypass capacitors at leads 4 and 7 
and a compensation network between 
leads 1 and 8. Values shown are recom-
mended by the manufacturer for unity 
gain; they work well for all gains and 
frequencies encountered in the phone 
patch. This compensation is applied to all 
seven amplifiers in the patch but is 
omitted f rom the schematic (fig. 3) for 
simplicity. 

Gain is determined by the ratio of R p 
to R|; and a feedback capacitor, C f , is 
added to three amplifiers to suppress 
unwanted high-frequency response. 

circuit 

I n fig. 3, T7 and T 2 form the hybrid. I 
use a pair of U T C transistor/line trans-
formers, type A-22, which have split 
secondaries with 2 5 0 ohms impedance on 
each half, and 500-ohm center-tapped 
primaries. The secondaries are cross-con-
nected so that a signal injected into one 
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primary is balanced out in the other 
transformer. These transformers work 
very well, but those wishing to build a 
similar unit from scratch may want to try 
a transformer with a higher-impedance 
primary for T l , and possibly eliminate 
the two 470-ohm resistors I had to put in 
series with the amplifier outputs to make 
them work properly. 

T3 is a one-to-one isolation transform-
er with from 500- to 1000-ohm imped-
ance each side and a third winding that 
provides a signal for the tape recorder in-
put and VU meter. 

The pad between the hybrid and T3 
presents a relatively constant impedance 
to the hybrid, facilitating balancing with 

fig. 2. Terminal connections and com-
pensation for a typical IC audio amplifier. 

the 1k variable resistor. Good balance is 
essential if vox operation is desired. 

amplifier considerations 
As mentioned earlier, the power sup-

ply and compensation connections to the 
amplifiers have been omitted from the 
schematic for clarity. Amplifiers 1, 4, and 
6 are simple inverting models, with ad-
justable gain controlled by varying their 
feedback resistances. The .001 ^F feed-
back capacitors on amplifiers 1 and 6 
suppress an approximately 25-kHz oscilla-
tion that appeared when the unit was 

connected to one of my station receivers; 
others may not find them necessary. 

Amplifier 5 is similar; but instead of 
adjustable gain, it has an RC network in 
its feedback circuit to make it an active 
filter as well as an amplifier. Signal level 
from the receiver to the phone line is 
controlled with the gain controls on the 
receiver. 

Tariffs of many Bell System telephone 
companies, in addition to limiting the 
strength of the signal that may be trans-
mitted over their lines, require that de-
vices connected to the lines through their 
voice coupler have minimal output at 
2600 Hz and above.1, 3 The circuit shown 
has a maximum voltage gain of 10 at 
approximately 1000 Hz and practically 
no gain at 400 and 2000 Hz. This narrow 
bandpass admittedly sacrifices some voice 
quality, but intelligibility seems to be 
generally good. The circuit eliminates a 
lot of heterodynes and other interference 
and keeps the telephone company happy 
as well. Those desiring a broader band-
pass, while still meeting phone company 
requirements, might try a two- or three-
stage biquadratic filter2 in place of ampli-
fier 5. 

Amplifiers 2 and 3 were originally 
constructed similarly to the others, but 
two problems resulted. First, with the 
microphone and the feedback resistor 
both connected to the inverting input of 
amplifier 2, the receiver output to T1 
from amplifier 5 fed back around ampli-
fier 2 to the input of amplifier 3 and the 
transmitter, which defeated the purpose 
of the hybrid. To correct this, amplifier 2 
was connected as a noninverting ampli-
fier, with the microphone input to lead 3 
and feedback to lead 2. 

Furthermore, the high gain needed in 
amplifier 2 to amplify the microphone 
signal to phone-line level makes the 
shielding of the microphone leads to 
amplifiers 2 and 3 critical. The circuitry 
used permits mounting both the input 
and feedback resistors directly on the 
circuit boards, minimizing lead length and 
simplifying shielding. 

Amplifier 7 is a meter amplifier. Posi-
tions 1 and 2 of the meter switch (S11) 
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fig. 3. Phone patch schematic. Transformers T j , T 2 form the hybrid between telephone and patch, 
which have common input and output circuits. 

read power-supply voltage; in position 3 
the amplifier samples the signal on the 
phone line, making it possible to monitor 
the level of the outgoing signal. In posi-
tion 4, used to balance the patch circuit, 
the meter shows the signal level at the 
transmitter input. 

controls 
In addition to the six potentiometers, 

there are ten toggle switches and the 
rotary meter switch on the control panel. 
The PATCH ON/OFF switch, S1, con-

nects the patch to the telephone circuit. 
Switches S2 through S7 are ON/OFF 
switches for the six audio amplifiers and 
determine which patch functions are ac-
tive. S8, not shown in the circuit diagram, 
is a tape recorder START/STOP switch, 
like the pushbutton on some tape re-
corder microphones. S9 unbalances the 
hybrid by opening one side to permit 
tape playback to the transmitter. S10 
controls the primary power relay on the 
remote power supply; a second set of 
contacts connects the receiver directly to 
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the monitor output when patch power is 
off. S11, the meter switch, was described 
above. A 28-volt pilot lamp is connected 
between V+ and V-, providing visual 
indication that both sides of the supply 
are on. 

construction 
The unit is built to mount in a station 

control console. The controls, micro-
phone input, and monitor output are on 

IH l III — 

Construction of the superior phone patch. 

the front panel. The back panel has a 
two-contact Jones plug for the telephone 
line, phono jacks for outputs to trans-
mitter and tape recorder, a single pin jack 
for the push-to-talk lead to the trans-
mitter, and an octal plug for the remain-
ing connections, including ground. 

Amplifiers are mounted on two etched 
circuit boards, four on one and three on 
the other. These boards plug into 22-con-
tact mounting strips attached to the 
bottom frame, which made it easy to 
remove the boards for experimental com-
ponent changes during development. A 
metal strip across one end of the frame 
holds two transformers; the other, to-
gether with the H pad, is on a similar strip 
across the other end of the frame. Space 
was left on the frame for two more 
circuit-board mounts. One will be used to 
mount a V O X circuit that will control a 
vhf fm transmitter, and the other will 
permit installation of the three-unit 

biquad low-pass filter mentioned earlier if 
it proves to be desirable. The entire 
assembly was made from sheet aluminum 
and do-it-yourself strips and angles using 
home tools. 

operation 
For normal operation without a third 

party on the telephone, the T A L K TO 
R A D I O (S3) and M O N I T O R R E C E I V E R 
{S7( circuits are on. To set up a patch, S1 
is turned on, the telephone circuit is 
activated, T A L K TO P H O N E (S2) and 
M O N I T O R PATCH (S6) are turned on, 
and S 3 is turned off to keep the pre-
liminary phone conversation off the air. 
Telephone contact is established using the 
station microphone and monitor. S7 may 
be turned off if signals from the receiver 
make it difficult to hear the party on the 
phone. 

Contact between the parties is estab-
lished by turning on the T E L E P H O N E 
R C V R (S4) and T E L E P H O N E X M T R 
(S5) switches, and proceeds with vox 
operation unless the telephone party trips 
the transmitter too often with laughter or 
interruptions. With S2 and S3 off, the 
operator can carry on another conversa-
tion or monitor another receiver without 
fear of interrupting the patch, but can 
monitor and break in if necessary. 

I was tempted to title this article "an 
ideal phone patch" after several contacts, 
but the patch isn't - quite. The ideal 
patch would have constant level output 
to telephone and transmitter regardless of 
input source or signal strength. So far I 
have been unable to develop or find an 
age circuit to accomplish this with opera-
tional amplifiers. I 'd like to hear from the 
ham who has. 

references 
1. George P. Schleicher, W9NLT, "Phone Patch-
ing - Legitimately," QST, March, 1969, p. 11. 
2. Motorola, Inc. Semiconductor Products 
Division publication "Motorola Integrated Cir-
cuits for MODEM and Terminal Systems" 
Section 4 — "Op Amps and Active Filter De-
sign," July, 1970. 
3. J. B. Berry, Jr., W4PME, "Legalize Your 
Phone Patch," QST, May, 1969, p. 17. 
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precision 

power supply 

Looking for a 

laboratory-quality 

power source 

for your IC projects? 

Here's a 

likely candidate 

After building many solid-state projects, I 
learned some interesting things about 
power sourcing, so I decided to build my 
own power supply. The little dandy 
shown on these pages is presented with 
the hope that others will benefit from my 
experience in this area. 

First a "wish list" was made detailing 
everything the supply had to do to justify 
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the investment of time and material. A 
axiom is in order at this point: Mor 
semiconductors are destroyed during ci 
cuit testing and trouble shooting tha 
expire from intrinsic device failure! Th 
principal cause of such destruction i 
over-voltage. So, heading the list is: 

1. Variable voltage sourcing. 

2. High-resolution voltage control with 
constant-current over the full range, 
and accurate resetability. 

3. A high-resolution voltmeter, with 1% 
accuracy over the complete range. 

4. Current-limiting control regardless 
of voltage setting. 

5. Regulation better than .01 percent. 

6. Ripple less than 50 mV. 

7. A signalling method to identify 
which voltage range is being metered 
(a paramount requirement — a try at 
idiot-proofing!). 

8. Sufficient reserve current to power 
the most ambitious solid-state pro-
jects. 

9. Small size and the capability of 
operating continuously at full load. 

The schematic of fig. 1 shows the 
circuit. 
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the regulator 
The Motorola MC1569R regulator IC 

was chosen because it satisfied the largest 
part of the regulation demands in one 
package. The MC1569R has a large 
power -hand l i ng capability, with a 
through-put current of 500 mA. Thus it 
was necessary to drive the low-beta 
series-pass transistor, Q1, to full satura-
tion. The MC1569R will tolerate 36 volts 
input with safety. The circuit includes a 
voltage-control network consisting of a 
simple arrangement with a fixed 6.8k 
biasing resistor in combination with a 
50k, 10-turn pot. This allows the output 
to be varied between 3.4 and 28 volts. 

Still another attractive feature is the 
current-limiting ability, achieved by an 
external biasing transistor, Q2. Perhaps 
the most important feature is that the 
regulator won't oscillate (a plague affect-
ing all high-gain op amp devices). 

Two versions of this IC are available: 
the MC1469R with a rating of 35 volts 
maximum input; and the MC1569R, 
which has a maximum rating of 40 volts. 
If you choose a maximum of 34 volts to 
pin 3, the MC1469R will be more satis-
factory. 

The letter " R " denotes a T 0 6 6 pack-
age — do not use the " G " package (T05 
can) in this application, as its output is 
limited to 200 mA. 

Underchassis view. The large 3300-uF, 
45-Vdc electrolytic capacitor dominates 
the scene — essential for eliminating In-
put transients to the regulator. 

The variable-voltage control resistance 
(R1 in fig. 1) is determined by 
R1 = (2V0-7) k ohms, which extrapolates 
to 53k ohms.* However, the nearest 
standard 10-turn pot is 50k, thus limiting 
the highest voltage to about 28 volts 
(minus the saturation voltage of the 
regulator transistor). Do not add any 
fixed resistance in series with this pot 
(R1), as it will increase the minimum 
voltage far above the useful range of R T L 
devices; i. e., 3.6 volts. 

circuit description 
Starting with the input to the series-

pass regulator transistor (a Motorola 
2N3771), the powering of all systems is 
done from 36 volts at the collector of this 
transistor. The output, or emitter, has an 
Ohmite 1.0-ohm pot (part no. 0101) in 
series with the load and a current-sensing 
transistor connected across this pot. This 
pot is set to sense 2 amperes. You'l l note 
that an IR drop across this resistor upsets 
the V k e drop of the transistor (a 
2N2219), causing the collector of this 
transistor to pull current from pin 4 of 
the MC1569R. This, in turn, drops the 
voltage output of the regulator, thereby 
biasing the 2N3771 base voltage down so 
that excessive current cannot be drawn—a 
Rube Goldberg action, but still a simple 
and effective means of device protec-
tion. A few words later about setting 
this potentiometer. 

meter and lamp switching 
In the 3.4- to 10-volt range, the green 

lamp is lit and the 0- to 10-volt scale of 
the meter is the relevant range. When the 
multiturn pot is rotated upwards, ap-
proaching 9.5 volts, zener D1 and its 
related voltage-offsetting diodes begin to 
conduct current via two paths. One is 
through D3 and D4 to ground; the other 
and lower offset path is through D2 and 
the Darlington pair transistors (Q4,Q5). 
At the point where the zener abruptly 
avalanches, the sum of all voltage drops 
through the second or lower offset path is 

' Symbols used in this article are: V 0 = output 
v o l t a g e ; V £ = avalanche (zener) voltage; 
V p = forward voltage, editor 
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fig. 1. Schematic of IC regulator power supply that provides variable voltage 
sourcing f rom 3.4 - 28 Vdc at 2 amps. Relays are Advance/Hart 67DP-G-4C5, 24 
Vdc, 700 ohms. Q1 is installed in a Motorola MS 10 heat sink: the IC is installed in 
a Thermailoy 616SB heat sink. 

equal to 10 volts. This network divides 
off excess current on each scale when the 
voltage is set near its upper range. Due to 
variations in beta of the 2IM2219 (Darling-
tons), the base biasing trimmer resistor 
may require adjusting. 

A 25k trim pot in this circuit sets the 
proper toggle sensing of this network. 
When the 10-volt level actuates the Dar-
lington-pair relay driver, the activated 
relay switches lamps from green to 
amber, and the metering shifts from 0-10 
to 10-20 volts (full scale). This is accom-
plished by switching the negative side of 
the meter from ground to the cathode of 
the zener, so as to read the product of 

I2 R across the zener loading resistor on 
the 10-20 volt scale. 

One may question the accuracy of 
such reading in view of the nonlinearity 
of most zeners. However, by using a 
1-watt, 2% zener packaged in a metal can, 
the Vz will remain stable provided the 
current is held within the maximum 
dissipation of the device. By not heating 
the zener, we avoid the effects of im-
pedance change in the device. Meter 
comparison checks with a Simpson 270 
showed no difference in scale accuracy. 

As the voltage-control pot is again 
elevated, the next-level voltage shift 
energizes the second relay, disabling the 
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first sensing stage to conserve current. 
The indicator lamp shifts from amber to 
red, and the metering shifts from 10-20 
vofts to 20-30 volts (full scale), with 
readings taken across the second zener 
loading resistor. (Incidentally, this could 
continue ad infinitum.) 

The meter has a 200-microampere 
movement at 5k f2/volt. A fixed 10k 
series resistor plus a 50k trimpot sets the 
full scale to 10 volts. It reads all scales 
with this one setting - set and forget. 

fine sensing control 
You will note another trimpot in the 

base lead of the second Darlington 
switch. Again, variations in betas plus 
minute differences in V p levels of the 
diodes dictate a fine tuning of the sensing 
network. Once this pot is set and the 
network shifts at 20 volts, the pot needs 
no further attention. 

There will be some residual hysteresis 
when the voltage passes through switch-
ing levels. This is desirable, as it elim-
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inates ambiguity in meter setting when 
voltages are set near the threshold of level 
change. The hysteresis is about 150 milli-
volts; but with regulation better than this 
figure, there will be no "hunting" when 
the supply is loaded and unloaded in fast 
sequence, such as with a pulsed load. 

heat dissipation 
The 2N3771 is used as a variable, 

electronically controlled rheostat, which 
in this application must dissipate con-
siderable power in the form of heat. Let's 
consider a worst-case situation to show 
how much power we must sink off as 
heat. 

The input voltage to the 2N3771 is 36 
volts from the rectifier-filter stage. The 
voltage control is set for 4 volts and we 
intend to use 2 amps from the supply. 
Therefore, we must drop 34 volts through 
the transistor, while it must pass 2 
amperes or a total of 68 watts at 75° C. 
However, we're operating at 50% of the 
rated power load (150 watts at 25° C); 
but this is still a lot of heat to be cooked 
away — (try holding a 75 watt lamp 
bulb!). 

One of the cardinal rules of transistor 
design is: "To prevent thermal damage, 
the heat extracted from the device must 
equal or exceed the heat generated." 
Therefore, an adequate heat sink for this 
transistor must be used, or else the safe 
operating area will be exceeded and the 
device will be instantly destroyed, even 
though it is running at 1/2 its rated 
power. In this application, a Motorola 
MS10 heat sink is used. Remember, it's 
the product of voltage drop and current 
that equals power-dissipation require-
ments! 

This supply has been run on a heat test 
for 24 hours at 1/2 load without failure, 
although the cabinet was quite warm. A 
reading with a precision thermometer 
indicated nearly 75° C (167° F) at the 
edge of the sink — still safely within 
tolerance. Most tabletop projects don't 
require this amount of current, but it's 
nice to know you have a supply with a 
substantial reserve of power, just in case. 

adjustment 
To set the current limiting pot, first 

set the control, wired as a rheostat, at the 
25% point or roughly 1/4 ohm. Then 
connect a 25-ohm, 100 watt adjustable 
bleeder resistor, set to 20 ohms, across 
the output terminals of the supply. With 
the voltage control set for 25 volts, 
slowly reset the bleeder to 13 ohms. Then 
increase the rheostat resistance to a point 

Side view showing circuit-board components. 

where the supply automatically switches 
to a lower voltage range, indicating 
current limiting. 

Now reduce this control resistance 
until the voltage returns to 25 volts (at 13 
ohms bleed) and quickly disconnect the 
load while watching the voltmeter. If the 
voltage shifts up or down, carefully fine-
tune the current-limiting control while 
momentarily touching the load to the 
supply. Then when the full load-no-load 
voltage remains constant, this sensing 
control is in balance. Reduce the discon-
nected bleeder resistance to 10 ohms and 
attach the bleeder to the terminals as a 
check for supply shutdown, which should 
occur instantly. Lock the control shaft, 
and the supply is ready to operate. 

I installed this control inside the 
cabinet, so that it can't be disturbed; it 
can, however, be mounted with the shaft 
extended and a knob installed for variable 
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current-limiting control from the front 
panel. Calibration and marking would be 
a simple task. 

One last word about the MC1569R 
regulator. A small T066 heat sink is 
necessary to keep the temperature within 
bounds. A Thermalloy 6168B is suggested 
for this application. 

construction notes 
The supply was built in a 5 x 6 x 8-

inch LMB aluminum box, with the circuit 
board mounted on the left side. There's 
nothing exotic about the assembly of the 
supply or wiring of relays and circuit-
board devices. Number 22 teflon-covered 
wire (surplus) was used for these com-
ponents. The high-current leads from the 
bridge rectifier to the pass transistor, then 
to the output binding posts, were no. 14 
teflon-coated wire. 

The output binding posts are spaced 
on 3/4-inch centers to accept Pomona-
type ganged plugs. Three terminals are 
used, with the green post internally con-
nected to the chassis, as both positive and 
negative leads are ungrounded. 

conclusion 
This supply has been a pleasure to use 

and has been indispensable in the con-
struction of IC device projects — I'm sure 
it will be the same for you. 

Those interested in further informa-
tion in this application of ICs wil l find 
the material in the references very help-
ful. Al l are available upon written request 
from Technical Information Center, 
Motorola Semiconductor Products Inc., 
P.O. Box 20912, Phoenix, Arizona 
85036. References 2 and 3 are contained 
in Motorola's "The Microelectronics Data 
Book," second edition, December 1969. 

references 
1. M o t o r o l a Application Note AN-457, 
"Switching Voltage Regulator Uses Discrete 
and Integrated-Circuit Approaches." 
2. Motorola Application Note AN-473, "A 
Monolithic High-Power Series Voltage Regula-
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STUD-
TOP-HAT EPOXY EPOXY MOUNT 
1.5 AMP l.S AMP 3 AMP 6 AMP 

50 .04 .06 .12 .15 
100 .06 .08 .16 .20 
200 .08 .10 .20 .25 
400 .12 .14 .28 .50 
600 .14 .16 .32 .58 
800 .20 .40 .65 
1000 .24 .48 .75 

CAPACITORS 
ALL NEW FULL AXIAL LEADS 

l 
3 
5 

10 
30 
80 

100 
250 
500 
500 

1000 
1500 

MFD 
MFD 
MFD 
MFD 
MFD 
MFD 
MFD 
MFD 
MFD 
MFD 
MFD 
MFD 

25 VOLTS 
6 VOLTS 

15 VOLTS 
6 VOLTS 

15 VOLTS 
2.5 VOLTS 
15 VOLTS 
30 VOLTS 
25 VOLTS 
50 VOLTS 
12 VOLTS 
25 VOLTS 

6 Foot Gray Line Cord. UL Approved. Very 
nice. ea. ppd 

Disc Ceramics. All American made with full 
leads. 

.001 @ 1.4 KV .005 @ 1 KV 
.01 @ 1.4 KV 

Your choice 20 for $1.00 

Factory fresh dipped Mylar capacitors. All 
full leads. 

.1 MFD @ 100 VOLTS 
.15 MFD @ 100 VOLTS 
.22 MFD @ 100 VOLTS 

Your choice 16 for $1.00 

V - * 

88 Mhy Toroids-CT-unpotted 5 for $1.50 ppd. 

Tl 1N914 Diode 16 for $.00 ppd. 

IN4007 Diodes 2 8 e a . ppd. 

Unmarked Germanian diodes, similar to 1N34. 
25 for $1.00; 100 for $3.00 

2N3055 Transistor $1.50 ea or 3 for $4.00 ppd. 

SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6% State sales tax 

ALL ITEMS PPD. USA 

M. WEINSCHENKER K3DPJ 
BOX 353 . IRWIN, Pa. 15642 

july 1971 BIS 31 



conversion from 
fast-scan 

to 

slow-scan television 
Scan conversion 

offers an easy way 

to get on sstv — 

here are some ideas 

for sampling circuits 

and a 

multimode camera 

Slow-scan television (sstv) has been called 
one of the new and exciting frontiers of 
amateur radio, and rightly so. The 
number of experimentally inclined 
amateurs regularly transmitting and re-
ceiving good-quality still pictures with 
standard ssb equipment is steadily in-
creasing. Listen on 14.23, 7.22, or 3.845 
MHz, especially late in the evening, and at 
International sstv net time (2 p. m. EST) 
on 14.23 MHz to verify this for yourself. 

First, however, you'll need an sstv 
monitor. Many construction articles on 
monitors have been published. One of the 
most recent describes an oscilloscope 
adapter for decoding sstv signals.1 

What is needed to attract more 
amateur tv enthusiasts into the realm of 
sstv — for example, those now active on 
fast-scan atv in the 450-MHz band — is an 
easy way to use homemade or manu-
factured vidicon cameras on sstv. 
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For about a year we have been de 
veloping a simplified approach to scar 
conversion in addition to perfecting 
solid-state monitors. Don Miller, W9NTP 
Ted Cohen, W4UMF; and others have 
pioneered with sampler cameras that con 
vert fast-scan (FS) or standard tv signal; 
to slow-scan (SS) standards (see reference 
2). 

W3EFG has built a multimode camere 
that includes a sampler board. It has 
performed well on the air and was firsi 
shown and demonstrated at the 197C 
Dayton Hamvention. W3YZC started 
with a homebrew fast-scan vidicor 
camera and built a separate scan con 
verter with power supply. This unit used 
the camera video output to derive sstv 
signals. 

modifications for sstv 
The circuits described in this article to 

obtain sstv signals can be easily adapted 
to almost any tube or transistor vidicon 
camera without destroying the capability 
of the camera for use elsewhere. The 
only change necessary in the camera 
is the addition of simple transistor cir-
cuitry to provide a switchable 15- or 
60-Hz frame rate from the vidicon 
camera. This consists of adding a 4:1 
unijunction-transistor countdown circuit 
to convert the 60-Hz pulse to 15 Hz and 
the addition of a larger value vertical-
sweep capacitor. The circuit includes 3 
transistors, a few resistors and capacitors, 
and a miniature dpdt toggle switch 

•Co-author W 3 Y Z C joined the silent keys in 
January. A l 's passing is a great toss to all w h o 
knew him. 
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fig. 1. Block diagram of the FS-to-SS converter. 

mounted on the back of the camera. 
The composite video signal is used "as 

i s " - t h e horizontal (15,750 Hz) and 
vertical (15 Hz) sync signals are stripped 
in the scan-conversion circuit. For slow 
scan, the modified FS camera must be 
tilted 90 degrees and operated on its left 

side, so that what was originally the top 
of the picture will be to the viewer's 
right. It's not necessary to reverse the 
vertical yoke connections because of the 
polarities used in producing the sliding 
pulse from the 15,750- and 1/8-Hz ramps 
(see reference 2). 

Co-authors W 3 E F G . and the late W 3 Y Z C via slow-scan tv. 
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Fig. 2 . Schematic of the slow-scan converter. Voltages and waveforms are shown for initial setup. 

features 
The scan converter design uses a 

minimum of components. Proven, de-
bugged circuitry results in a scan con-
verter that delivers a high-quality sstv 
picture w i th excellent resolution and con-
trast. The converter is easy to build and 
adjust. The accompanying photos, taken 
with the circuitry described here, pretty 
well speak for themselves. 

The fol lowing paragraphs described 
the basic scan converter circuits and give 
some ideas for packaging. We have also 
included a brief description of the multi-
mode vidicon camera built by W3EFG, 

A printed-circuit board and parts k i t for the 
scan converter is available f rom H A L Devices, 
Box 365H, Urbana, Ill inois 61801. 

which includes design innovations from 
circuits by W3YZC and f rom the articles 
on homebrew cameras 3 , 4 . 

The multimode camera was the result 
of an attempt to build a densely pack-
aged, universal camera later used on 
atv, sstv and that could be adapted for 
experimentation on vhf and uhf wi th 
pseudo-random narrow-band tv having 
motion capability.5 

converter functional description 
The functions of the scan converter 

are depicted in fig. 1, which shows 
interconnections for a standard vidicon 
camera. The 4:1 countdown f rom 60 to 
15 Hz and the sweep-circuit modification 
wi l l vary somewhat f rom camera to 
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camera. However, circuit details associ-
ated with a typical modification may be 
deduced from the vertical-sweep circuit 
of the multimode camera described later 
(see fig. 7). 

The block diagram shows the various 
set-up and operational potentiometers as 
well as typical waveforms and voltage 
levels. If positive-going horizontal and 
vertical sync pulses are available in the 
camera, sync stripper Q1 may be elimin-
ated. This was done in W3EFG's camera, 
since the FS board was directly beneath 
the SS converter and fm modulator 
board. 

scan circuit 
The scan converter schematic is shown 

in fig. 2. Composite standard video is fed 
to both the sync stripper, Q1, and to the 
video preamp and equalizer, Q13. The 

15,750-Hz pulses initiate a linear 
15,750-Hz sawtooth voltage that is added 
to a 1/8-Hz linear sawtooth voltage from 
an 8-second vertical oscillator, Q12. Note 
that Q12 is a free-running oscillator, 
which is synchronized with the start of 
the sstv horizontal line by the network 

W3YZC's homebrew FS vidicon camera. 

\m~4xv v Wz&k 
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composed of 1N914 diode, R34, and 
C6. 

The two ramps are added across R14 
of the Schmitt trigger, which causes the 
circuit to fire over the range of approxi-

R35, C8, R36. The time constant of C8, 
R36 was chosen to attenuate the lower 
frequencies of the fast-scan video. We 
found this to be necessary with most 
vidicon cameras, because the vertical 

2N3739 
WITH HEAT SINK 

O'IZV 
(APPRO* OOm») 

/T7 

fig. 3. Suggested power supply for the sampling converter and fm modulator. T t is a 24*26 volt, 1 
amp filament transformer (Stancor P6469, Lafayette 99E62663, or equivalent). 

mately 0.8 to 1.1 volt. This produces a 
sliding pulse at the collector of Q7 that is 
differentiated by C12 and R42 to give a 
0.5-/us pulse (approximately). The 0.5jus 
pulse opens gate Q16, which samples the 
video through Q15 to holding capacitor 
C13. The charge on C13, which isthesstv 
sampled video, is coupled by a Darling-
ton-pair buffer, Q17, Q18, to the modu-
lator. 

The value of holding capacitor C13 
was optimized to produce the best sstv 
picture. Emitter followers Q17, Q18 
provide a high-impedance source to the 
co I lector of Q15. 

A common-base-connected video pre-
amp, Q13, drives the sample-and-hold 
circuit. The incoming standard FS video 
is fed through an equalizing network. 

Slow-scan converter and power 
s u p p l y used with W 3 Y Z C ' s 
camera. 

shading showed up as a bright or dark 
area on the left or right side of the sstv 
picture. 

The video pot, R40, adjusts the bias of 
Q13 and controls both gain and the sync 
clipping level. The gain of Q13 is approxi-
mately equal to the ratio of R39 to R36 
and may be adjusted if required. 

device selection 
Special mention should be made about 

the characteristics of the sampling-gate 
transistor, Q15. Considerable investiga-
tion preceded the selection of the opti-
mum device to produce the best resolu-
tion consistent with good gating action. 

A transistor with poor gating charac-
teristics will produce a leak-through pat-
tern on the sstv monitor, resulting in 
streaks as the picture is painted across the 
tube. Best operation was obtained from a 
high-speed germanium switching tran-
sistor - the 2N1141. The 2N1141 has 
been around for quite awhile and is still 
listed in the catalogs. A lower-frequency 
2N1142 was tried, but it produced slight-
ly degraded performance. 

All transistors shown in the schematics 
have worked well. Countless other npn 
and pnp devices with similar or related 
characteristics are available and may be 
used in these circuits. For example, the 
inexpensive epoxy transistors have been 
used in most circuits and work fine. The 
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2N3906 wil l probably replace the 
2N2904, and the 2N3904 wil l likely work 
in place of the 2N1613 or the 2N697.* We 
suggest that if you wish to use junk-box 
transistors, stick with the silicon types, 

slow-scan modulator 
An sstv fm modulator similar to that 

used by most slow scanners is shown in 
fig. 3. Its setup on frequency is straight-
forward and has been previously de-
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fig. 4. Modulator schematic for FS-to-SS converter. 

with the exception of the 2N1141 for 
Q15. 

power supply 
The sampling system is totally in-

tolerant of 60- or 120-Hz hum in the 
video. Even a few hundredths of a volt 
ripple wil l show up as vertical bright bars, 
slight undulations, or wavy kinks on the 
horizontal sweep in the sstv picture. For 
this reason it's essential that the power 
supply be well filtered, with less than 
0.01-volt ripple or better. The circuit of 
fig. 4 is recommended for the scan 
converter and modulator. 

In some vidicon cameras, stray mag-
netic fields may occur at a 15-Hz frame 
rate. Thus it may be necessary to discon-
nect the primary of a self-contained 
power transformer. Filament and vidicon 
voltages can then be supplied from an 
external supply placed at least three feet 
from the camera. Only operating experi-
ence wil l reveal this requirement. 

*See Motorola's "Semiconductor Data Book," 
5th edition, October 1970, for recommended 
replacements and substitutions for these de-
vices. editor. 

scribed.2 Voltages and input waveforms 
are shown in fig. 1. It is desirable to first 
apply 10 volts to T. P. 1 and set the 
2300-Hz white frequency, then ground 
T. P. 1 for the 1200-Hz sync frequency 
from the multivibrator. This should be 

Identification chart used by W3EFG. 
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fig. 5. Multimode vidicon camera head with video amplifier. 

repeated several times. T. P. 2 (filtered by 
R59 and C17) is a good point to connect 
an oscilloscope for monitoring black and 
white level in the scene being televised. 
Using the lens iris and video pot R40, 
adjustments should be optimized to pre-
vent white clipping and to obtain proper 
black-level excursion. 

Following the multivibrator, Q24 pro-
vides drive to the 2.5-k Hz low-pass filter. 
L1 and L2 are 88 mH toroids, tuned by 
the capacitor values shown. The odd 

Multimode vidicon camera built by W3EFG. 

values should be obtained by combining 
standard-value mylar or mica capacitors. 

The filter may be mounted on a small 
board that can be tucked into an available 
space, along with the power supply. Note 
that sstv output is at a low impedance 
and at a fairly high level (approximately 
0.5 volt across 3 ohms), which is com-
patible with 3-8 ohm outputs from re-
ceivers and recorders. The sstv output is 
taken from a phono jack insulated from 
the case with fiber washers. 

set up procedures 
It is convenient to view the FS video 

on a fstv video monitor when setting up 
the start of the sampling pulse and the 
point on the horizontal ramp where the 
pulse ends and returns to start a new sstv 
frame. Since Q13 tends to isolate feed-
through of this pulse to the video input, 
C4 should be jumpered to the video 
input, for initial setup. The differentiated 
spike wil l then be clearly visible on a 
regular monitor as a thin, bright vertical 
line. Its width is indicative of the sam-
pling-pulse width, and its excursion from 
the viewer's right on the screen to the 
viewer's left indicates that portion of the 
FS picture being sampled. 
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f<9. 6. Video blanking mixer and video-modulated rf oscillator for the multimode vidicon camera. 

A 1:1 aspect ratio is used in sstv, so a 
narrow portion to the left and right of 
the FS picture wil l be lost. Since there is 
some interaction in adjustments, a careful 
procedure must be followed to center the 
sampling range while watching the FS 
monitor. (Two small pieces of black tape 
on the monitor screen wil l help.) 

The horizontal-ramp pot, R2, wi l l af-
fect the beginning of the sampling pulse. 

The sampling speed, and hence the limit 
or end of a frame is determined by the 
vertical-ramp pot, R26. Resistor R10 sets 
a dc level of 1.8 volts, which may be 
adjusted to shift the sampling-position 
range of R2 and R26. 

A vernier range of adjustments is 
possible for R2 and R26; however, the 
final setting of both controls is quite 
critical. Screwdriver-adjusted potentio-
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fig. 8. Horizontal-sweep circuit for F S or SS camera. 

meters with locking nuts are recommended. 
The voltages and waveforms shown in 

fig. 2 are provided as a guide. These are 
approximately equivalent to those ob-
tained by the authors. Patience during 
adjustment and optimization of values 
may be required. 

packaging 
The converter shown in the photo is 

contained in a 10 x 5 x 3-inch minibox 
which provides ample room for two small 

power transformers and associated 
switches, pots, and connectors. 

The vector-board chassis could be 
adapted to a printed-circuit board. 
Perhaps some enterprising slow-scan en-
thusiast with PC-board layout facilities 
will tackle this job and make such boards 
available. This would certainly give sstv 

®TO GHID e 
PINS of vidicon 

0 | | 2 W TO 
W vtOKXJN m 

*iev AT 300m, 
70 CAMERA Alt 
SCAN COWBtTi 

fig. 9. Suggested power supply for F S or S S camera. T1, Lafayette 33E34059; T2, Lafayette 99E62663. 
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CI BEAM 

fig. 10. F S / S S / P R S switching circuit for the multimode camera. 

activity a further boost with more 
sampler cameras on the air. 

Scan converter board wiring is not 
critical as to lead lengths, interconnec-
tions, or placement of wires and com-
ponents. Standard construction tech-
niques were used. Push-through vector 
board pins were used for tie points. 
Resistors and capacitors were wired 
point-to-point to the transistor sockets. 
Several straight buswire runs on pins for 
the 12 V and ground leads were used. 
Because of the high frequency com-
ponents in the narrow sampling-pulse 
circuitry, single-point ground returns for 
Q6, Q7, Q16, and Q15 are recommended. 
Also a short run of 75-ohm mini-coax 
from the back panel video connector to 
the video input is essential, plus a short 
length of coax across the board to C1 of 
the sync stripper transistor, Q1. These 
coax cables should be grounded at only 
one point on the board to prevent ground 
currents in the F$ video. 

fast-scan camera 
The circuit details shown in figs. 5 

through 10 are provided with a minimum 
of explanation for those ambitious slow-
scanners who may wish to duplicate a 

Solid-state sstv monitor using a 5FP7 tube. The 
photos of the I D chart and the authors were 
made from W 3 E F G ' s camera and this unit. 
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fig. 11. 15/60-Hz vertical sweep modification for a standard vidicon camera for use on sstv. C I , R1, 
CZ, R2 determine the 60-Hz pulse width. The sstv 15-Hz sync pulse width is determined by R6. 

typical homebrew multimode camera. 
These circuits, which are used in 
W3EFG ' s camera, are generally straight-
forward and can be modified to drive 
vidicon focus — deflection-coil yoke as-
semblies having different impedances. 

With the exception of the video board 

Another "seeing aid" used by W3EFG. Monitor 
features solid-state circuitry built into an old 
W a t e r m a n scope case. It provides a 
I'/a-inch-square image, which is magnified to 
2 x 2 inches with a lens attachment. Inquiries 
from serious hams on this and the other 
equipment described are welcome. Send your 
questions and comments, together with a 
self-addressed stamped envelope, to W3EFG , 
506 Eastwood Drive, Exton, Pennsylvania 
19341. 

and vidicon yoke in the 3 x 2-Va x 8-inch 
camera head, all circuitry in figs. 6 
through 8 are on a vector board measur-
ing 4 -5/8x3-11/16x3/32 inches. This 
FS board is mounted in the 5 x 7 x 3-inch 
minibox beneath the S S converter board. 
Switching is shown in fig. 10 for the 
various operating modes. 

A suggested power supply for the 
entire camera is shown in fig. 9. Only the 
portion of the supply associated with the 
24-volt transformer need be built if only 
the scan-converter board is constructed. 
However, the supply can be built to 
supply total power to an existing camera 
if hum problems develop, as mentioned 
earlier. 

vertical sweep 

Attention is called to fig. 7, which 
shows the vertical-sweep circuit. To make 
the 15 to 60 Hz frame-frequency modifi-
cation to an existing camera, as men-
tioned earlier and shown in fig. 1, parts of 
the circuit in fig. 5 can be used. We 
suggest that the components associated 
with 09 , 010 , Q11 be put on a small 
vector board, with the indicated switch-
ing circuit (see fig. 11}. This board may 
then be placed in any available space 
within, or external to, an existing camera. 
Careful study of the particular camera 
circuit will show the correct tie-in points. 
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This modification should work equally 
well with random interlace and 2:1 inter-
laced cameras.* 

conclusion 

These fast-scan camera circuits are 
third- and fourth-generation versions used 
by the authors. All are proven circuits 
and produce excellent FS and SS pic-
tures. 

This article is intended to provide 
active slow-scanners and atvers an opti-
mum means of producing high-quality, 
live sstv pictures. You may wonder if 
"holding still" for eight seconds is diffi-
cult. Our experience shows this is no 
problem. Since we're scan-converting or 
sampling a fast-scan camera, there is no 
latent change pattern on the target, such 
as may occur with the open-shuttered 
vidicons usually employed in the SS 
mode. 

Other advantages of the sampling ap-
proach include the ability, in real time, to 
focus the vidicon optically and electrically. 
Second-order benefits include automatic 
light compensation via automatic target 
circuitry. 

We would like to thank all sstv ama-
teurs contacted for their continued inter-
est in our activities and for their en-
couragement. In particular, thanks are 
due W9NTP and W4UMF for their in-
spiration and pioneering efforts to pro-
mote the sampling technique, which ap-
pears to be a much-needed break-through 
for sstv amateurs. 
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six-meter 
antenna coupler 

This 500-watt 

antenna coupler 

for 50 MHz 

matches both balanced 

and uses 

commercially-available 

hardware 

Current six-meter transceiver and trans-
verter designs follow the general supposi-
tion that the operator will be using 
50-ohm coaxial cable and an antenna 
system of like impedance. Output tank 
circuits are usually pi-networks designed 
to match a 40- to 60-ohm load and allow 
little deviation beyond these limits. On 
the other hand, the amateur buys 50-ohm 
coax, assembles a 50-ohm antenna to the 
manufacturer's specifications, and as-
sumes the load presented to the output of 
the transceiver is 50 ohms. In most cases 
it is not unless careful attention is given 
to swr measurements, antenna match 
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adjustments, antenna location and a host 
of other variables. 

To compound the problem amateurs 
begin loading the system with goodies 
such as swr bridges, monitor scopes and 
the like which do nothing to improve 
transmission line flatness, and in most 
cases add to the mismatched condition by 
adding impedance "bumps" to which the 
transceiver has difficulty accommodating. 
The end result is a transceiver which is 
difficult to tune and erratic to operate. 

In these situations the often maligned 
and usually misunderstood antenna 
coupler can be used to its best advantage. 
Many hams who lade experience with 
couplers have the mistaken idea that they 
are a panacea solution to antenna 
problems. However, an antenna coupler 
will not compensate for a misadjusted 
antenna or one in need of repair; nor will 
it compensate for final-tank-circuit in-
efficiencies. 

It will provide the transmitter with a 
constant load impedance irrespective of 
antenna variations. In addition, it will 
assist in receiving by attenuating spurious 
signals through the introduction of 
another tuned circuit in the input. 

construction 
Many articles have been written on 

antenna couplers. Unfortunately, these 
designs often require the builder to fabri-
cate coaxial cavities and various plastic 
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SO OHM COAX IN 
now* COAX IN 

CI 

C2 

LI 

L2 

L3 

) J2 JUMPER ROT 
UNBALANCED 

J« 
SO OHM COAX OUT 
73 OH* COAX OUT 

25 = pF butterfly capacitor (E. F, John- L4, L5 0.062 brass rod, 4" long (Hearthklt 

son 167-22) 40-99) 

100 pF variable (Hammariund HF-100) 

2 turns no. 14 enameled, 2-1/8" di-

ameter, over center of L2 

7 turns no. 10 spaced Vz wire di-

ameter, l> / 2 " diameter, tapped 2xh 

turns from each end 

0.250 brass rod, 5" long (Heathklt 

40-98) 

L6 coaxial section {Heathkit 40-100) 

J l , J2, J3 5-way binding post 

R3 S0k pot, linear taper (Heathklt 10-11) 

SI spdt toggle or 2-positlon rotary 

(Heath-kit 63-177) 

Swr bridge uses coaxial line section from Heathkit bridge. 

spacers and other hardware to incor-
porate an swr bridge into the coupler. 
The coupler described here takes the lazy 
man's approach and uses commercially-
made hardware throughout; it requires 
an absolute minimum of fabrication. 

The coupler consists of a conventional 
input/output circuit of a 2-turn input coil 

Swr bridge circuitry is mounted 

on rear panel of chassis. 

tuned with a 100-pF variable to ground. 
The input coil surrounds the output coil 
and is inductively coupled; the output 
inductor consists of 7 turns of no. tO 
copper wire tuned by a 7-35 pF butterfly 
variable to ground. The output inductor 
is tapped for 300-ohm balanced output at 
2Vs turns from each end. 

swr bridge 
An swr bridge is included to provide a 

self-contained functional unit. The heart 
of the bridge consists of a coaxial cavity 
line and rf pick off elements from a 
Heathkit swr bridge. The coaxial-section 
components were puchased from Heath 
for less than $2 and eliminated the need 
for sheet-metal bending, parts fabrication 
and chasing all over for plastic, brass rod 
and the like. The meter is a Radio Shack 
Micronta, 0-1 mA, catalog no. 22-018. 
The meter face was removed, and the 
original numbers and lettering were 
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erased with a coarse typewriter eraser. 
The scale was relabeled to correspond 
with swr. Lettering was done with rub-on 
letters. The meter face was then sprayed 
with clear acrylic. A full-scale drawing of 
the meter face is shown in fig. 1. 

assembly 
Drilling templates are shown in figs. 2 

and 3. The chassis should be drilled and 
all holes deburred. Burnish all exterior 
surfaces with 00 or 0 grade steel wool. 
Wipe all surfaces to be painted with a 
degreasing solvent or white vinegar to 
remove surface dirt and oils. The unit in 
the photograph was built for K1ZFE and 
was painted flat black and Dove Gray to 
match his equipment. Krylon spray colors 
were used; excellent results were obtained 
by applying several light coats with 
plenty of drying time in between. After 
painting, each cabinet half was baked in 
an oven for one hour at 200° to assure 
complete drying. Black transfer lettering 
was added to the front panel and Dymo 
labels on the rear. 

Mechanical assembly should begin 
with the swr coaxial section and SO-239 
input connector. The section must be 
shortened by one inch to fit this cabinet. 
The output end of the coax section 
center conductor is mounted to a 6-32 
ceramic standoff insulator. Then add the 
terminal strips, terminating resistors, 

rectifier diodes and .001 bypass capaci-
tors; assemble the switch, sensitivity pot 
and all interconnecting wiring. Wiring 
from the rectifier diodes to the switch 
should use shielded wire. 

The two front-panel air-variable 
capacitors and the terminal tie point on 
the left side (bottom) of the chassis 
should be asembled to the cabinet next. 

fig. 2. Rear-panel layout for the coupler. 

Tie the ground lugs of each air variable 
together and to the center ground ter-
minal of the tiepoint; use no. 14 copper 
wire. L2 is connected to the butterfly 
capacitor by two copper sleeves made by 
enlarging the diameter of a 1/2-inch long 
piece of 3/16-inch copper tubing. Use a 
100- or 150-watt soldering iron for 
soldering. 

fig. 1. New meter face for Micronta meter. 

table 1. Parts list for 6-meter antenna coupler. 

qty description cost 
1 Chassis Box ( L M B 564 N) $2.95 

1 Meter (Rad io Shack 22-018) 2.95 

1 Butter f ly variable (E. F . J ohnson 167-22) 3.45 
l Hammer lund variable (HF- lOO) 2.65 
l Coax ia l sect ion (Heath 40-100) .20 

1 R f driver element (Heath 40-98) .55 

2 Rf p i ckup element (Heath 40-99) .20 

3 Plastic spacer (Heath 255-12) .30 
3 2-lug terminal strip (Heath 431-14) .30 
2 SO-239 coax connectors 1.70 
1 50k pot (Heath 10-11) .50 
1 2-posit ion rotary switch (Heath 63-177) .85 

2 I N 191 Diodes .60 

2 .001 disc capacitors .40 

2 150 = o h m resistors, V* watt .20 
1 Ceramic standoff .45 

3 B ind ing posts (Superior) .90 
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Be sure to slide L1 over L2 prior to 
completing the assembly of L2 to the 
butterfly. Bend the legs of L1 to fit the 
spacing of the two ungrounded tie points 
and make sure that the spacing of L1 
around L2 is even. Connect the output of 
the coaxial line to one end of L1; connect 
the other end of L1 to the stator of the 
100-pF variable. 

' I — 1 
— <1-

[ - l - j - f - j 

- © 
+ 

O 1 - o — 
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i/8" BMM V^ V^ 

U j — I 
fig. 3. Front-panel layout for the coupler. 

Assemble the 5-way binding posts to 
the chassis and the output coaxial con-
nector to its mounting hole. Connect the 
upper two binding posts to the taps on 
L2 with a short piece of 300-ohm trans-
mission line (preferably foam filled). 
Connect the output coax connector to 
the 5-way binding post nearest the center 
of the chassis. The lower binding post 
nearest the outside edge of the chassis 
should be connected to ground. Assemble 
the meter to the cabinet and wire it to 
the 50k pot. All interconnecting wiring in 
the L1/L2, C1/C2 section is done with 
no. 14 wire. 

test and operation 
If the coupler is to be used from one 

coaxial cable to another, install a jumper 
wire between the grounded binding post 
and the one directly above it. This/nusf 
be done to use the coupler for coax-to-
coax transfer. Connect the coupler 
between the transmitter and the antenna 
or a 50-ohm non-reactive dummy load 
such as the Heath-kit cantenna. Tune the 
transmitter for low power output. Set the 

swr bridge switch to forward and adjust 
the sensitivity pot for full meter deflec-
tion. Reset the switch to reverse and 
adjust C1 and C2 for minimum reflected 
power. It should be possible to adjust the 
reflected power to zero. 

When the coupler is adjusted for 
minimum reflected power the transmitter 
can be tuned for full output power. It is 
possible to move 100 kHz either side of 
the tuned frequency before the coupler 
must be re-adjusted. Once the antenna 
coupler is set for minimum reflected 
power, leave it alone — tune the trans-
mitter final to obtain maximum output, 
not the coupler. 

conclusion 
This unit will handle up to 500 watts 

without problem. Insertion loss has been 
measured at 1 to 2 percent. However, the 
improved efficiency provided by the 
coupler more than compensates for the 
low insertion loss. For those amateurs 
who already have an swr bridge, the 
coupler section could be built into a 
smaller cabinet and used with the existing 
bridge. Tuning procedures would be the 
same. Just be sure to install the swr 
bridge between transmitter output and 
the coupler input. 

ham radio 

Inside view of antenna coupler 
shows mounting of L1 and L 2 . 
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versatile vox 

Solid-state circuit 

for voice-operated 

transmission 

and fast cw 

break-in 

Presented in this article is a solid-state 
vox unit designed as a companion to my 
9-MHz ssb generator described in an 
earlier issue of ham radio.1 I had three 
objectives in this design: 

1. Operation with all normal settings 
of the ssb generator audio-gain control 
and with all settings of the hang-time 
control. 

2. Operation in the cw mode, with a 
minimum of components, and with 
fast pick-up time to avoid lost charac-
ters. 

3. Fast break-in operation. 

circuit description 

The circuit that fulfills these require-
ments appears in fig. 1. The function 
switch is shown in the ssb vox position. 
The vox input from the generator feeds 
the base of Q1 through CR1. Note that a 

in 
CO to 
CO c CO 
c 
0> c « 

«J •u 0) 
O l •o 

in 
O) 

CT) 
5 

CD 03 

to JZ o 

positive input is required. To provide this, 
the ssb generator should be modified as 
shown in fig. 2. The 47k resistor is 
connected to ground to quickly discharge 
the vox filter capacitor. 

With no vox input, Q1 has no drive; 
consequently Q2 and Q3 are turned off. 
When a positive input arrives from the 
generator, Q1 turns on 02, which in turn 
drives Q3 into saturation, causing relays 
K1 and K2 to operate. One contact of K1 
grounds the transmitter keyline and 
opens the mute line to the receiver. The 
second contact may be used to close 
relays in a linear amplifier when the vox 
relays close. The hang time is primarily 
determined by the C3, R4 time constant. 
The value of R4 was selected so that 
several times more current would flow 
through it as into the base of Q2. This 
minimizes the effect of Q2's base current 
on the hang time and consequently mini-
mizes temperature effects on the hang 
time due to transistor gain variations. 

The network of CR2, CR3 and R6 
insures proper operation of the vox cir-
cuit at very short hang time settings. 
Without these components, C3 must 
charge and discharge through a major 
portion of R4's resistance. This means 
that if the hang-time control is set for a 
half second as an example, several dots or 
dashes of a letter must be sent before the 
vox relays will hold in. With the network 
shown, C3 charges rapidly to nearly the 
emitter voltage of Q2 through R6 and 
CR3 upon closing the key. Upon releasing 
the key, Q2 receives base drive through 
CR2, thus avoiding the high attenuation 
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path through R4. The quick-charge net-
work also helps prevent relay chattering 
with short hang-time settings in the ssb 
vox mode. At the maximum hang-time 
setting, CR2 is shorted out and CR3 is 
back-biased with the key down, so 
neither affects circuit operation. CR3 is 
also back-biased when the key is released 
regardless of the hang-time setting and 

megohm, and so should not disturb the 
bias circuits of most transmitters. The 
voltage at my key is -35 volts. For higher 
keyline voltages, increase the size of R3, 
and reduce it for lower voltages. 

cathode keying 
You may have a cathode-keyed trans-

mitter with which you may wish to use 
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fig. 1. Vox schematic. Fast cw break-in is also featured. 
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thus has no effect on the discharge curve 
of the hang-time network. 

The 1k resistor in series with the base 
of Q3 limits the base current to safe 
values, in this case about 8 mA maxi-
mum. The diode across the relay coils 
clips the large voltage spike created when 
Q3 turns off in a short time period, such 
as during break-in operation. 

In the cw vox position of the function 
switch, the keyline is connected to the 
key jack. Resistors R1, R2 and R3 form a 
summing network between the positive 
vox supply and the negative keyline 
voltage. R2 is adjusted so that the voltage 
at the base of Q1 is zero. The resistance 
presented to the keyline is close to a 

this circuit. In that case, Q1 may be 
changed to a pnp transistor and com-
ponents added to the transmitter as 
shown in fig. 3. The voltage of the zener 
diode must be larger than the vox circuit 
supply voltage and must also be large 
enough to completely cut off the final 
tubes. The values of R1, R2, and R3 must 
be large enough to hold Q1 base current 
to a safe value. Values as shown in fig. 1 
are satisfactory. R2 is adjusted so that Q1 
base voltage just equals the emitter volt-
age. Note that the vox input now comes 
into the base of Q2. This means that a 
lower-impedance source of this vox volt-
age is desirable for rapid charging of the 
hang-time network. The R-ZD1 combina-
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tion could be replaced by a voltage 
divider if regulated voltage is available in 
the transmitter. 

break-in 
Break-in operation in the cw vox 

position is possible by turning the hang-
time control to minimum. The two relays 
(if they are capable) will now follow the 
key. For break-in operation up to several 

device considerations 
The transistors are on the expensive 

side, but satisfactory substitutes can be 
found. As an example. Poly Paks lists the 
2N2222 at five for a dollar. While their 
V c e is 30 Vdc, they should work well if 
care is taken to hold the supply voltage to 
24 Vdc or less. The power dissipation of 
Q1 and Q2 is negligible, but that of Q3 
depends on the relay current required. As 

PA TUBE I 

240t 
IW 

ZDl 

fT7 

TRANSMITTER 

fig. 3. V o x modif icat ions for use w i t h cathode-keyed rigs. Va lue of resistor in tube cathode circuit is 
for B+ = 3 0 0 volts. Zener-diode voltage is 6 0 volts dc at 1 m A . 

hundred watts, the vacuum relay shown is 
recommended for its fast operation and 
ability to hot-switch several amps. K1, 
the other relay in my unit, is a small 
two-pole sealed 28-volt relay. I have tried 
other types, and the surplus 28-volt leaf-
type relays will follow a key at moderate 
speeds. The extra noise created can be 
damped with felt between the relay and 
the chassis. Reed relays may of course be 
used, and some of the heavier ones may 
handle moderate powers. 

S - K - i - H 
10 yF 
20 V 

IN34 

ft? 

VOX 
OUTPUT —o 

- .3 s2OV 

rh m 
2. Modi f icat ions necessary to author's ssb gen-
erator described in ham radio, December 1 9 7 0 
for use w i t h this vox circuit. 

an example, with the key down, Q3 is 
saturated with 120 mA through it in my 
vox unit, but the voltage across it is less 
than a volt. The power dissipated is less 
than 120 mW. When the key is released, 
however, the voltage across the transistor 
rises, and the current drops. A t the point 
where 12 volts are across the transistor, 
60 mA may flow through it for a short-
term dissipation of 720 mW. The average 
dissipation, however, would be under 500 
mW, and a 2N2222 could be used for Q3, 
but with little margin. A t this point, a 
2N2218A would be a good substitute (and 
far cheaper) for the 2N2219A. 

If you wish to use whatever you can 
dredge up from the junk box, try the 
following measures to compensate for 
lower-beta transistors: decrease the values 
of R1, R2, R3 and R5. Operation with 
12-volt relays requiring more current than 
those listed may also require a decrease in 
these resistor values. 
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construction 
My unit was built on a 1-1/2 x 2-inch 

piece of perf board, which was mounted 
on the rear of my transmitter chassis. R4, 
C3 and S1 are on the transmitter front 
panel, and R2 is on the chassis rear apron 
beside the perf board. Shielded wires to 
these c o n t r o l s are a m u s t t o avo id rf 
feedback. The antenna relay should be 
located remotely from the rest of the 
circuitry, and leads going to it should be 
well bypassed. 

other uses 
The applications of this circuit are 

numerous. It could be added to a trans-
mitter to eliminate throwing of switches 
to go from transmit to receive, or to 
control a linear you may have added to 
your station. It could be set up for 
battery operation with low-current relays 
and used on Field Day to mate someone's 
transmitter wi th someone else's receiver. 
It could also be used to key a tape 
recorder to record slow-scan tv or some-
one's voice. Or, how about recording 
passing satellite signals? Whatever your 
use, happy voxing! 

reference 
1. R. Bain, W 9 K I T , " A Filter-type SSB Genera-
tor ," ham radio, December, 1970, p. 6. 
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" A l l right buster! Back to your radio 
and never mind the skirt selectivity." 
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how to design 
a frequency calibrator 

for your receiver 

Complete design procedure 

for a novel 

marker generator 

consisting of a 

constant-current source, 

unijunction oscillator 

and tuned output 

amplifier 

Recent changes in amateur band-edge 
assignments for various license classes, 
and lack of crystal calibrators in many 
popular transceivers, has resulted in a rash 
of magazine articles on crystal calibrators. 
Some circuits are better than others and 
make provisions for 25-, 50- or 100-kHz 
checkpoints. 

If you need a quick and handy crystal 
calibrator for your receiver, by all means 
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refer to any number of previously pub-
lished articles. However, if you have a 
litt le time and want to learn a bit more 
about electronics, then read on. 

The circuit presented here is absolute-
ly not in the category of, "wire the parts 
together according to the given values and 
layout and you will have . . . " category. 
Rather, adequate design data is provided 
so you can calculate the required com-
ponent values and make a breadboard 
with a minimum amount of the test 
equipment. The end result will be a 
useful, working calibrator that provides 
100-kHz and 1-MHz reference points. 
More important, you'l l learn a bit about 
electronics and why it isn't really too 
formidable to design and build simple 
circuits rather than going to the store for 
another piece of gear, or slavishly copying 
someone else's design without the 
foggiest notion of what to do if i t fails to 
work when it is plugged in. 

the calibrator 
The circuit in fig. 1, as opposed to the 

usual crystal-calibrator oscillator, relies 
primarily on the frequency stability of a 
low-frequency pulse generator that is 
used to supply impulse energy to a high-Q 
tank circuit tuned to 1 MHz. Although 
the oscillator is not crystal controlled the 
short-term stability wil l be more than 
adequate; long-term stability is primarily 
dependent upon the quality of key com 
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ponents and regulation of the supply 
voltage. 

The circuit can be broken into four 
easily understood sub-parts. Pnp tran-
sistor Q1 and its associated resistors (R1, 
R2 and R3) form an adjustable current 
source flowing from the collector of Q1. 
This current, 11, can be set to the desired 
value by adjusting the base voltage V1 
with potentiometer R2. Current 11 will 
be very nearly (neglecting some fine 
points concerning base-emitter diode 
potentials): 

m 

fig. 1. Stable frequency marker does not require 
a crystal-controlled oscillator stage. Component 
values are discussed in the text. Capacitor C6 
and the antenna are used to transmit the 
marker signal to the receiver. Resistor R8 drops 
the B+ supply to the zener-diode voltage of 
C R 2 . 

Current 11 charges C1 linearly to an 
increasing higher voltage until the thres-
hold firing potential of the unijunction 
transistor is reached; at this point C1 is 
rapidly discharged through R4 into Q2. 
This process repeats indefinitely since Q2 
will revert to a non-conducting state 
whenever the emitter voltage falls below a 
minimum called the valley voltage and 
current 12 is less than the holding current. 

If an oscilloscope were used to look at 
the voltage across C1 it would display a 
very good sawtooth waveform; a linear 
voltage ramp due to the constant current 
11 with a very fast return to near ground 

when Q2 conducts. Therefore, two parts 
of the circuit are easily understood: Q1 is 
a constant-current source and C1 is a 
timing capacitor that determines how 
long it takes to reach the trigger voltage 
of Q2. 

Transistor Q2 is nothing more than a 
simple unijunction transistor pulse gener-
ator. Whenever the emitter voltage 
reaches a certain fraction of the supply 
voltage E, a triggering voltage is reached 
which causes conduction between the 
two base junctions, thus causing B1 to 
suddenly jump up to a level near the 
emitter voltage. If the emitter voltage 
drops below some specified minimum 
conduction between B1 and B2 ceases. 
Thus, looking at R6 with a scope would 
show a squarewave pulse every time Q2 
conducts. 

Transistor T13 is normally not con-
ducting. The base is normally at ground 
potential through R7, and the voltage 
required to make Q3 conduct is at least 
two diode voltage drops —CR1 and the 
base-emitter diode of the transistor. 
Therefore the base must reach at least 1.0 
to 1.2 volts before Q3 will be turned on. 

However, each time a pulse appears at 
R6 it will be coupled to Q3 base by C2 
briefly turning on Q3. If C2 is fairly small 
it will differentiate the squarewave pulse 
at R6 (a voltage spike will be observed at 
the base of Q3). 

The final portion of the circuit con-
sists of Q3 and its resonant tank circuit. 
Rather than being an ordinary tuned 
amplifier, this circuit could be called an 
"impulse driven resonator." Each time 
Q3 conducts because of a voltage spike 
from C2 energy is fed to the collector 
tank circuit. If the tank circuit has high Q 
it will continue to ring at the resonant 
frequency even though the initial energy 
supply is removed (Q3 stops conducting). 
The initial sine-wave energy at the 
resonant circuit will slowly diminish in 
amplitude but will be replenished when 
Q3 fires again. If the tank circuit is tuned 
to 1 MHz you have a 1-MHz marker plus 
plenty of harmonics to use as higher 
band-edge markers. 
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circuit kinks 
Although the foregoing discussion 

should be enough to get the circuit 
playing, a few more words should reduce 
the amount of "f iddle-time." Since you 
want a stable oscillator the supply voltage 
should be constant; a large electrolytic 
capacitor, C5, and an appropriate zener 
regulator can be used. The voltage is best 
chosen in the range of 12 to 28 volts dc. 

Any old pnp transistor can be used for 
Q1. A value of 10k ohms for R2 and R3 
is a reasonable starting value. Similarly, 
R4 isn't too critical since it is only used 
to limit the initial current surge into G2; 
something in the neighborhood of 1000 
ohms is reasonable. 

Any problem likely to be encountered 
is in the choice of R1 and CI . A basic 
impulse rate that is a submultiple of 1 
MHz is desirable so 100 kHz seems like a 
good basic frequency for the sawtooth at 
C1. However, current 12 must eventually 
diminish to a value less than the holding 
current for Q3 (on the order of 1 mA). 

If 11 is greater than the holding cur-
rent for Q2 (check the manufacturer's 
specs for this value) then Q2 wil l latch-up 
in the conducting state. Therefore the 
current selected for 11 must be less than 
the Q2 holding current or R4 made very 
large, which is not desirable. Similarly, to 
obtain a pulse rate of 100 kHz into Q2, 
C2 must be charged to the trigger voltage 
of Q2 at precisely that rate, every 10 
microseconds. To pick the proper value 
for C2 once 11 has been selected use the 
equation 

A V _ 11 
A T C1 

where the symbol A means "rate of 
change." More simply, the voltage change 
at C1 (called AT) is equal to the ratio of 
the current 11 divided by the capacitance 
charged, C1 in this case. Since you know 
11 (or can vary it slightly) and A T is 10 
microseconds, then the value of C1 is 
easily determined since the required value 
of A V is the triggering voltage for Q2. 
(The triggering voltage is typically 0.25 to 
0.5 the supply voltage.) 

The unijunction transistor Q2 is fairly 
non-critical as to the values selected for 
R5 and R6. Resistor R5 usually ranges 
from 300 to 600 ohms; 100 ohms is a 
ballpark value for R6. Since you want 
some differentiation of the pulse de-
livered to Q3, capacitor C2 might be 
anything from 1000 pF to as much as 

0.01 mF-
Resistor R7 keeps Q3 reverse biased 

by draining off the reverse base-leakage 
current; for most small-signal transistors 
this leakage is so small that 100k ohms is 
a fair value for R7. Nearly any npn 
transistor will work adequately at Q3 
such as an old 2N706 or 2N708. 

The tank circuit (L1-C3-C4) should 
resonate at 1 MHz; a high-Q inductance is 
needed. This is easily obtained by using a 
ferrite toroid core and many turns of 
small wire. Capacitor C3 should provide 
most of the required capacitance, with C4 
used for fine tuning. Alternatively, if L1 
is variable C4 may be omitted. A wire 
antenna can be attached to the tank 
circuit to couple energy to your receiver. 

calibration 

Circuit calibration may be accom-
plished by zero-beating the output against 
WWV. The primary variable wil l be R2 to 
obtain zero beat, with C4 used to obtain 
maximum power output. However, C4 
will alter the output frequency slightly so 
some juggling back and forth between R2 
and C4 will be needed initially. 

Frequency stability will rival that of 
most crystal oscillators if two precautions 
are observed: The supply voltage must be 
stable, and C1 must not change capaci-
tance radically with temperature. To a 
lesser extent, more expensive unijunction 
transistors have more stable trigger 
voltages that contribute a constant out-
put frequency. 

One nice feature of this circuit, aside 
from its low cost, is that if 100 kHz is 
picked as the basic pulse frequency, 
100-kHz markers can be heard through-
out the lower amateur bands and used as 
additional reference points. 

ham radio 
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circuits and 
techniques 

ed noli, W3FQJ 
integrated circuits 
Many broadcast equipment manufac-
turers have taken advantage of digital ICs 
when designing new equipment. Such 
devices as JK flip-flops, divide-by-12 
counters, divide-by-16 counters, 4-bit 
binary counters, etc. have found their 
way into a-m and fm broadcast trans-
mitters. Radio amateurs and amateur 
radio equipment manufacturers might 
like to take a look at some of the 
possibilities. 

One popular a-m broadcast transmitter 
uses two divide-by-2 binaries, fig. 1. The 
crystal oscillator frequency is set in the 
stable frequency range from 2 to 4 MHz 
spectrum. If the broadcast transmitter 
transmits between 540 and 1080 kHz, 
two 2-to-1 counters provide a net count 
down of four. If the transmitter must 
operate between 1080 and 1600, a single 
2-to-1 counter is used to divide the 
frequency. 

Digital ICs of this type generate square 
waves but this is no problem. Output 

resonant circuits of appropriate Q can 
convert the square wave to a pure sine 
wave. The input to the counter should be 
a square wave; this can be accomplished 
with a simple limiter at the output of the 
crystal oscillator. 

Some modern fm transmitters use 
elaborate digital counter chains such as 
fig. 2. This arrangement permits the 
frequency-modulated oscillator to 
operate at the fundamental frequency of 
the fm station. An automatic-frequency 
phase-lock system keeps the oscillator on 
the assigned frequency well within FCC 
tolerance (±2000 Hz on the fm broadcast 
band). 

In one fm broadcast transmitter an 
output from the basic oscillator is applied 

One of Motorola's newer M R T L digital 
ICs is the MC880P, a decade counter 
that also divides by five or six with the 
proper external connections. 
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to a 16,384-to-1 counter and then to a 
phase comparator. The crystal reference 
oscillator operates in the 1.5- to 2-MHz 
range, depending upon the assigned fre-
quency of the fm station. This reference 
frequency is divided by 256 and applied 
to the phase comparator. The phase 
comparator develops a dc reference 
voltage which keeps the transmit oscil-
lator on frequency. 

For such a divider system, the digital 
ICs must be capable of operating at very 
high frequencies. Such units are available 
at low cost. For example, a 120-MHz J-K 
flip-flop has a unit cost of approximately 
$7.50. A flip-flop with a maximum input 
frequency of 85 MHz can be purchased 
for about three dollars. A divide-by-16 
counter with a maximum frequency of 30 
MHz can also be purchased for about 

division of 4 and put the signal into the 
160-meter band, fig. 3. 

Digital ICs that can be connected as 
astable multivibrators can also be made to 

fig. 2. Integrated circuits in a phase-lock system 
determine the operating frequency of this fm 
broadcast transmitter. 

fig. I. Circuit for using IC frequency dividers in 
a-m broadcast transmitters. 

multiply. Is it possible to build an IC 
substitute for the common frequency-
multiplier chain?* The arrangement of 
fig. 4 might be feasible as an all-band 
signal source or as an accurate all-band 
signal source and calibrator. Two-times 
the 7.5-MHz master-oscillator signal pro-
vides a WWV check point at 15 MHz. 

Reconstructing a sine wave from a 
square wave output is no great problem 

$7.50. A search of the surplus market 
may yield the same or similar units at 
even lower prices. 

practical frequency dividers 
What are some of the possibilities for 

amateur equipment? Amateurs are ac-
customed to using frequency multipliers 
that develop signals related harmonically 
to a crystal oscillator or vfo. A digital 
divider system permits decreases in fre-
quency. For example, a divide-by-2 
counter following a 40-meter vfo that 
tunes from 7 and 8 MHz will give an 
80-meter output between 3.5 and 4 MHz. 
Two 2-to-1 dividers would provide a net 
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fig. 3. T w o possible circuits for using IC 
frequency dividers In amateur radio equipment. 

with resonant circuits or multisection 
integrators. However, you are working 
with pulse waveforms and their multi-
frequency makeup, so proper shielding and 
grounding is important. 

july 1971 59 



This scheme is attractive for all-band 
QRP operation and it matches the various 
QRP modes of cw, a-m, dsb and phase-
type ssb. There is also merit in terms of 
the direct-conversion receiver because 
you can work both down- and up-fre-
quency from a single high-stability beat 
oscillator. 

For vhf operation IC frequency di-
viders can be used to put the transmit 
oscillator on the transmit frequency, 
doing away with the multiplier chain. A 
possible system for 2- and 6-meter opera-
tion is shown in fig. 5. A divide-by-8 
circuit brings a fundamental 6-meter 
signal down to the 7-MHz range where it 
is compared with a crystal oscillator, vxo 
or stable vfo. The two signals are applied 
to a phase comparator (also available as a 
digital IC). A dc afc voltage is developed 
for controlling the fundamental fre-
quency oscillator, holding it on fre-
quency. The fundamental frequency 
oscillator uses a voltage-variable capaci-
tance diode that responds to the phase-
lock afc system. 

For 2-meter operation an 18-to-1 fre-
quency divider brings the fundamental 

fig. 5. Using IC frequency dividers in fre-
quency-determining systems for 6 and 2 meters. 

frequency down to the 8-MHz range for 
comparison. Otherwise, the system is the 
same as 6-meter arrangement. Also, this 
configuration is adaptable to various 
modes of modulation. Frequency modu-
lation may even be accommodated. How-
ever, frequency division must be greater 
to prevent the modulating frequencies 
from affecting the phase-lock operation. 

fig. 4. An all-band high-frequency signal source 
using a single 40-meter oscillator. 

simple rf divider 
The feasibility of this frequency-con-

trol circuit was checked out with a 
low-cost MDTL clocked R-S flip-flop, 
wired externally to operate as a J-K 
flip-flop. The frequency divider was used 
with the fet circuit described in the June 
issue. 

The output of the Pierce crystal oscil-
lator, fig. 6, is fed directly to the clock 
input of the flip-flop. A shaping diode is 
connected between pin 2 and common. 
The flip-flop is biased with a 9-volt 
transistor radio battery. 

A tuned fet rf amplifier follows; it is 
operated in class A because of limited 
drive from the flip-flop. Nevertheless, 
approximately 200 milliwatts of rf out-
put is developed. But more important, a 
beautiful 80-meter sine wave may be 
observed at the output. A local 80-meter 
QRP contact using a 40-meter crystal is 
something a bit different from the ordin-
ary. 
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fig. 6. T h i s Q R P transmitter for 80 meters uses a 40-meter crystal and IC 2:1 frequency divider. 

high-power audio 
An unusual two-section high-power 

audio amplifier, the RCA HC-1000, is 
capable of delivering 100 watts into a 
4-ohm load with a peak current of 7 
amperes. The total supply voltage is 75 
volts. An output transformer can be 
added to step up the impedance when 

required; this may be necessary if the unit 
is used to supply audio to a vacuum-tube 
modulated amplifier. 

The price of the HC-1000 is in the $60 
bracket. This might shake you a bit but 
consider what it would cost to build a 
vacuum-tube modulator capable of de-

fig. 7. Internal circuit of the miniature R C A HC-1000 100-watt audio power amplifier. 
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livering 75 to 100 watts of audio? Con-
sider too that the entire HC-1000 module 
is 3 by 3-1/2 inches and weighs but 100 
grams. 

The amplifier consists of two separate 

module when an improper load is placed 
on the output. Transistors Q9-Q11 and 
Q8-Q10 are Darlington pairs that develop 
a high-power output across a low im-
pedance load. The input impedance to 

3 —o 
L 040 

O 

INPUT 

fig. 8 Practical audio power amplifiers using the HC-1000. Circuit in (A) requires both positive and 
negative voltages; circuit in (B) requires only negative supply voltage. 

sections mounted on a common base 
plate. One section serves as the complete 
driver and includes 23 resistors, 7 capaci-
tors, 6 diodes and 9 transistors. Two 
power output transistors and two diodes 
are contained in the second section. 

A schematic diagram of the HC-1000 
is shown in fig. 7. The input stage (Q1 
and Q2) is a differential amplifier with a 
constant-current bias source (Q3). Note 
the temperature-stabilizing diodes in the 
base circuit of Q3. 

The collector of Q1 supplies output to 
the base of a class-A amplifier (Q5). 
Transistor Q5 supplies drive to the two 
pairs of output transistors. The collector 
of Q5 is connected to the collector of Q4; 
Q4 is also a constant-current source but 
its purpose is to supply a bidirectional 
current in proportion to the current 
through Q5. It acts as a level translator to 
ensure that no dc offset voltage is applied 
to the output transistors. Such a dc 
voltage would be contributed by Q5 if it 
were not balanced out by the voltage 
developed by Q4. 

The protection circuit within the 
dashed block prevents damage to the 

this stage is high enough to attain good 
gain from the class-A amplifier (Q5). 

The HC-1000 circuits in fig. 8 are 
designed for a positive and negative 
power supply (fig. 8A) or a negative 
power supply (fig. 8B). Circuit 8A 
includes an output transformer for pro-
viding a proper match to a specific load 
resistance. 

ham radio 

until my wife thought it was a spider 
and stepped on it!" 
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tebook 

switch-off flasher 
Portable solid-state equipment that is 

designed for low power drain often ex-
cludes the use of "high-drain" pi lot 
lamps. The circuit in fig. 1, designed by S. 
Thomas and described in The Radio 
Constructor, flashes the light after the 
switch is turned off . The c i rcui t is applic-
able to any transistor equipment that uses 
a 9-volt battery. When switch S1 is on the 
capacitor is charged through the diode; 
when the switch is turned off the 6-volt 
lamp is connected across the capacitor, 
causing the bulb to flash brightly. The 
circuit draws negligible battery current; in 
Mr. S imon's unit the leakage current 
drawn by the capacitor was measured at 6 
M A . 

The capacitor cannot discharge the 
equipment circuits because of the diode. 
However, if the equipment has a large-
value capacitor across the power supply, 
it wi l l discharge through the diode into 
the lamp, increasing the length of the 
flash. With most equipment it would 
probably be possible to eliminate the 

drain is less than 10 uA. 

diode and connect the capacitor and lamp 
directly to the negative supply lead, 
although this should be checked experi-
mental ly. 

receiver incremental 
tuning for the 
swan 350 

Although receiver incremental tuning 
is not an absolute necessity, at times it is a 
pleasant convenience. The circuit in fig. 2 
is quite basic and may be added easily to 
the Swan 350. 

Most of the smaller component parts 
may be mounted on a small 6-lug 
terminal strip which is mounted under 
the left-rear mounting nut of the vfo 
printed-circuit board (as viewed f rom the 
front with the Swan on its back). This 
provides a short, direct connection 
between C I and the collector of the 
oscil lator transistor, Q t , by soldering to 
the lead which comes from the dial set 
and tuning capacitors; this lead is con-
nected to the vfo board at the small 
solder blob immediately in front of the 
mounting screw that is used to mount the 
terminal strip. Use a piece of good stiff 
wire here to prevent any unwanted fm-ing 
due to vibration. 

Locat ion of the other components is 
not critical. In my unit C R 2 and R4 were 
mounted on a terminal strip adjacent the 
voltage regulator tube, V16 . The relay 
was mounted immediately behind the vfo 
box near the two elongated chassis cut-
outs. The R I T pot was mounted on the 
front panel between the dial w indow and 
the plate tuning control. Although I 
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fig. 2. Incremental tuning circuit for the Swan 
350. Relay K1 is a miniature 12-volt spdt relay 
such as the Potter & Brumfield KM5D. CR2 is a 
30-volt, 400-mWzener. 

mounted the calibrate pot on the front 
panel above the RIT pot, it may be 
mounted internally on a small bracket. 
The wires were routed through the small 
chassis hole near the vfo amplifier tube. 

Calibration is accomplished by first 
setting both pots to the middle of their 
ranges. Feed in a crystal-calibrator signal 
and pull out on the RIT knob, leaving it 
at center. Now zero beat the calibrate 
signal with the main tuning knob. Push 
the RIT knob in (off) and adjust the 
calibrate pot for zero beat. This insures 
the transmit and receive frequencies are 
the same with the RIT function disabled 
while allowing manual control of the 
receive frequency with the RIT on. 

The installation of the circuitry upsets 
the dial calibration very slightly; it was 

found the dial-set capacitor easily re-
stored calibration. With the circuit con-
stants shown, ± 3.5 kHz frequency devia-
tion was obtained. With this amount of 
shift you may take a station from zero-
beat and move the signal out of the 
passband of the filter in either direction. 

Paul Pagel, K1KXA 

crystal-controlled 
multivibrator 

The crystal-controlled oscillator circuit 
shown in fig. 3 uses no tuned circuits. 
Since there is no reactance in the circuit 
except for the small gimmick capacitor, 
the circuit will oscillate at any frequency 
from 2.5 kHz to 15 MHz by simply 
changing the crystal. Rf output voltage is 
approximately the same as the supply 
voltage, which can be from 6 to 25 volts. 

I have used this circuit as a wideband 
frequency spotter, as a marker generator 
(output is rich in harmonics), and as a 
crystal activity and stability tester. 

When building the oscillator, keep all 
interconnecting wires as short as possible. 
Although it is not required in every case, 
you may need the gimmick capacitor to 
obtain oscillation. The gimmick is made 
by twisting together two 2-inch pieces of 
insulated hookup wire; make sure the two 
wires don't short together. 

Mike Centore, WN2MQY 

fig. 3. Crystal-controlled 
multivibrator uses no 
tuned circuits but will 
oscillate at any frequen-
cy between 2.5 kHz and 
5 MHz by simply chang-
ing the crystal. 
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versatile resistor 
decades 

Accurate decade standards may be 
assembled at considerably less than their 
usual cost by using one of the switching 
arrangements shown in fig. 4 and 5. The 
precision components represent the 
greatest cost of a decade standard; there-
fore, any reduction in the number of 
components directly reduces cost. 

2 5 I 3 

fig. 4. Zero through 9 ohms are obtained by 
switching various combinations of four stand' 
ard resistors. For higher resistance values the 
resistors are increased by factors of ten. The 
switch is a 2-pole 10-position rotary. 

Only four precision resistors or capaci-
tors are required in this design, instead of 
the usual ten. This savings may be used to 
simply reduce cost, or if you wish, to buy 
closer tolerance components for a more 
accurate decade. 

Severa l construction precautions 
s hou l d be observed. Low-resistance 
decades require very low contact resis-
tance switches to preserve accuracy. This 
requirement may be met by parallel 
wiring two decks of a conventional rotary 
switch, instead of single decks shown in 
fig. 4. 

In capacitance decade's low-value ca-
pacitors must be well spaced from all me-
tallic components to reduce errors due to 
stray capacitance effects. Also, wide spa-
cing between capacitor terminals and 
jumpers is required. In the low-capaci-
tance and high-resistance decades, rotary 
switches with ceramic insulation are rec-
ommended. 

66 G 3 july 1971 

fig. 5. Nine individual capacitance values 
are provided by switching combinations 
of four capacitors. Switch is a 2 pole 
10-position rotary. 

The economical decade switching 
systems shown here may be extended to 
the design of other useful decades in-
cluding inductance, zener diodes and 
back-to-back diode clippers. 

Gene Brizendine, W4ATE 

vfo buffer amplifier 
The solid-state vfo I described in the 
August, 1970 issue of ham radio was 
designed to provide a high-quality stable 
signal at low output to replace crystals in 
low-power solid-state transmitters. It is 
essential in any vfo that oscillator loading 
be as small and constant as possible (to 
produce a chirpless signal). This was 
achieved in my vfo by voltage regulation 
and by using a low-load buffer stage. The 
third stage was designed to match the 
high-impedance output of the jfet buffer 
stage to the low-impedance input of a 
solid-state transmitter. Consequently, 
there is little amplification of the oscil-

100 

fig. 6. Solid-state vfo amplifier provides 
constant high-impedance load to the vfo. 
R F C 1 is a Millen 34300-50. 



fig. 7. V f o buffer amplifier can be built 
completely on a 5-lug terminal strip. 

lator signal; output voltage is about 1.5 
volts maximum. 

If you need more output for this or 
similar solid-state vfo you may be inter-
ested in adding the simple one-stage 
amplifier shown in fig. 6. This amplifier 
will provide plenty of power to the driver 
stage of a transistor transmitter up to the 
five-watt class, and can be built for under 
$3.00 using all new parts. This circuit will 
fit nicely into the W3QBO vfo minibox; 
or, it can be built into the associated 
transmitter. 

The components can all be neatly 
mounted on a 5-lug terminal strip as 
illustrated in fig. 7. The schematic shows 
a 100-ohm resistor and two .05-ptF bypass 
capacitors for power-lead decoupling, a 
practice that should always be followed. 
The Motorola 2N4124 transistor sells for 
60 cents; many other transistors {such as 
the Motorola 2N3904) will work well in 
this circuit but usually they will cost 
much more. 

C. Edward Galbreath, W3QBO 

vhf a-m modulation 
monitor 

If you have a dc-coupled oscilloscope 
in the shack, such as the EICO 460, here 
is a low-cost and simple method of 
keeping track of your percentage of 
modulation. At vhf the usual techniques 
of envelope patterns and trapezoidal 
patterns become very difficult, if not 
impossible. The method shown in fig. 8 is 
based on the fact that the plate voltage 
applied to an amplitude-modulated stage 
varies between 2ero and twice the dc 
supply voltage for 100% modulation of a 
property adjusted a-m transmitter. 

Connect the vertical scope input to the 
modulated dc which feeds the modulated 
rf stage. A resistive voltage divider (no 
capacitors) is necessary if the voltage is 
high enough to be dangerous. Select a 
convenient sweep rate of about 100 Hz or 
so. Position the horizontal trace so it 
coincides with one of the lower graticule 
lines. Apply plate voltage to the 
modulated stage (with no modulation) 
and adjust the vertical gain control to 

OTO MODULATED STAGE 

IOO« 
nTO VERTICAL 

SCOPE INPUT 
Ok 

68+ ' ' 
fig. 8. Resistive divider is used to pick off 
signal for a-m modulation monitor. 

move the horizontal trace to the center 
graticule line. The scope is now set up to 
show modulation amplitudes varying 
around the dc supply voltage. 

Audio modulation gain should be ad-
justed to keep the scope pattern between 
the limits of the lower (zero volts dc) 
graticule line and the corresponding 
graticule line above the center. Fig. 9 
shows the relationships. For my equip-
ment, with a 750-volt dc power supply, I 
chose a resistive voltage divider of 100k 
and 10k. A suitable ratio permits con-
venient measurement of the final dc 
supply voltage without exposure to lethal 
high voltages. 

Harry Ferguson, K7UNL 

KEEP AUDIO WAVEFVRU 
WITHIN THESE LIMITS 

HORIZONTAL TRACE WITH 
Br ON, NO MODULATION 

HORIZONTAL TRACE WITH 
B* OFF 

fig. 9. Modulation percentage is less than 100% 
if waveform is between limits shown here. 
Equipment setup is described in text. 

c 
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comments 

QRP technique 
Dear HR: 

W6NIF's article on QRP technique in 
the December issue was interesting and 
valuable. But it seems to me that QRP has 
another facet which might be of immedi-
ate concern to more amateurs. Personally, 
I have the utmost respect for those, like 
Al Wilson, who persist with real flea 
power. I wish I had the time and patience 
to do so. However, to me practical Q R P 
means power inputs of the order of five 
watts. 

Now that the southern gentlemen at 
Ten-tec have introduced so many of us to 
this fascinating QRP world we may learn 
what we should have known for years. 
Most of us regularly use from five to 
one-hundred times more power than we 
need, or ought to use. We QRM the world 
for our ego's sake. 

For almost a year now, I have not used 
more than eight watts dc power input to 
the final stage, and I have had more fun 
in the game than ever. Using both a 
Ten-tec rig, and a number of homebrew 
jobs, I have enjoyed as many solid QSOs 
as I formerly did with a ninety-watter. In 
fact, most folks worked do not know I'm 
QRP until I tell them. And I use a most 
unpretenious antenna, an 80-meter 
zepp, up only about 25 feet. Folks with 

good antennas, and perhaps more skill, do 
better. But I've worked 20 countries, 24 
states, and all parts of Canada, and 
relished it immensely. Furthermore, I 
don't feel like an "ugly American." 

To me, this is amateur radio, as con-
trasted with the expensive, tinseled world 
of "commercial" ham radio that one 
hears, particularly in the phone bands, 
where power seems valued for its prestige 
alone. Less-than-one-watt QRP is inter-
esting and may constitute a valid achieve-
ment. But few of us have the time, the 
patience and perhaps the skill for this. All 
of us, however, could cut our power 
input to one-tenth of its present level, 
have as many fine QSOs as ever and 
thereby vastly improve the American 
amateur's electronic world image. This in 
itself, in these times, would seem worth-
while. 

C. F. Rockey, W9SCH 
Deerfield, Illinois 

fire extinguishers 
Dear HR: 

The January article, "Fire Protection 
in the Ham Shack," is a very important 
and timely subject. However, I question 
the statement about Freon not being as 
toxic as carbon tetrachloride is. My ex-
perience indicates that Freon is highly 
toxic when exposed to high temperatures. 

For a number of years I was in the 
air-conditioning trade. In one case a 
Freon-refrigerant discharge line broke in 
an air-conditioning system in the base-
ment of a hotel; in the same room with 
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the broken line there were several gas-
fired hot-water heaters. When the freon 
broke down in the flame it formed 
phosgene gas — the same results produced 
by carbon tetrachloride. I was extremely 
sick from being exposed to the fumes, 
and it was some time before I was well 
again. I would suggest ventilation as soon 
as possible if using a Freon-type fire 
extinguisher; in fact, in my book, this 
goes for the use of any aerosol cans. 

Orville Gulseth, W5PGG 
Clarksdale, Mississippi 

frequency-sensitive 
resistors 
Dear HR: 

I am a sales engineer, and the follow-
ing comments come from 18 years of 
selling resistors. Contrary to popular 
belief, deposited carbon-film, metal-film, 
and the like, are not non-inductive re-
sistors. After the resistive material is 
deposited on the ceramic core the resis-
tive material is cut into a spiral, with 12 
or more turns before the desired resis-
tance value is obtained. The result is a 
12-turn coil of resistive material plus 
some capacitance thrown in for good 
measure. 

If you want a true non-inductive re-
sistor you must tell the manufacturer 
what frequency you will use, and then 
stay close to it. For all-around general-
purpose non-inductive resistors for all 
frequencies the old carbon-composition 
resistor is hard to beat. 

Ed Aymond, W5UHV 
Dallas, Texas 

more uses for the 
ST-6 RTTY 
demodulator 
Dear HR: 

Although the ST-6 was not designed 
with computer work in mind, the time 
constants are adequate even for 220 
Baud. Computers use 8-levei 100-speed 

teleprinters such as the model 33 or 37. 
This is 110 Baud, considerably shorter 
pulses than the normal 5-level 100-speed 
teleprinters used on many MARS fre-
quencies. 

The ST-6 operates in a normal manner 
even at 200 Baud, with the change of two 
resistors and one capacitor in the low-pass 
filter. I am using such a modified unit at 
home in conjunction with a cathoderay 
type computer terminal. 

The ST-6 can also be used with the 
AK-1 AFSK unit (QST, February, 1965) 
and a phone patch as a computer inter-
face between the phone line and the 
computer terminal. {The AK-1 also per-
forms in excess of 220 Baud.) Such use 
would not appeal to many hams at this 
time, but the possibility is always there if 
you need it. 

Irv Hoff, W6FFC 
Los Altos, California 

motrac receivers 
Dear HR: 

In the December, 1970 issue, thebam 
notebook recommended the Motorola 
Motrac receiver for use in repeaters. It 
should be noted that there are two basic 
types of Motrac receivers. 

The type-L receiver uses a bipolar rf 
amplifier stage and is a poor choice for 
just about any fixed-station application. 
Its desensing characteristics are 5 to 10 
dB inferior to the tube-type G receiver, 
and 10 to 15 dB worse than the old 
type-A receiver. The intermod charac-
teristics are even worse: 10 to 15 dB 
more than the G, and 20 to 25 dB more 
than the A. The later type-M receivers use 
a fet mixer in the front end; it is about 
equal to the old type-A in desensitization, 
and far, far better in the intermod depart-
ment. 

The order of preference for Motorola 
receivers is the type-M (new Motrac), 
type-A (wide-chassis tube type), type-G 
(narrow-chassis tube type), and last, the 
type-L (early Motrac). 

J. A. Murphy, K5ZBA 
Tulsa, Oklahoma 

j u ly 1971 Q9 6 9 



audio sweep generator 

The new Rameco ASG-1 audio sweep/ 
signal generator was developed for use in 
the frequency range of zero to 100 kHz. 
Its prime purpose is to display the re-
sponse characteristics of either active or 
passive circuits on a standard oscillo-
scope. Both swept and cw modes of 
operation are provided; sweep width is 
variable from a few Hertz to 100 kHz in a 
single sweep. Output is adjustable from 0 
to 5 volts peak to peak. A synchronized 
ramp output with adjustable amplitude is 
supplied for driving the horizontal input 
to the oscilloscope. If triggered operation 
is desired, generator blanking pulses are 
available. Sweep time is variable from 20 
milliseconds to 20 seconds. S195.00 from 
Rameco Corporation, Post Office Box 
580, Deerfield Beach, Florida 33441. For 
more information, use check-off on page 
94. 

two-meter fm rig 

Simpson Electronics has announced a 
new low-cost vhf-fm mobile rig for the 
amateur who wants to operate on two-
meter fm. The 6-watt Simpson Mode! A 
features four channels, sensitivity of 0.6 
(jSJ for 20-dB quieting and separate plug-
in transmitter and receiver boards with 
easy access to all tuning and metering 
points. The solid-state design uses inte-
grated circuits and diode frequency 
switching. 

The squelch is fully regulated and 
compensated with squelch sensitivity at 
0.25 /uV or less. Intermodulation inter-
ference rejection is 70 dB minimum. 
Spurious response attenuation is greater 
than 60 dB. Selectivity, furnished by 
ceramic filter, is 13 kHz at 6 dB down 
and 36 kHz at 60dB down. Audio output 
is 2 watts with less than 10% distortion. 
Current drain on receive: squelched, 250 
mA; unsquelched, 480 mA. 

The transmitter has ±5 kHz deviation 
for 100% modulation at 1 kHz and 
includes instantaneous automatic devia-
tion limiting. Transmitter audio response 
is +1 dB to -3 dB from 300 to 3000 Hz. 
Tuning range is 144 to 148 MHz. 

The Simpson Mode! A comes complete 
with mounting cradle and press-to-talk 
microphone with coil cord. Simpson fur-
nishes crys ta ls for operation on 
146.34/146.94 and 146.94/146.94 MHz. 
The Simpson Model A is priced at $249, 
including four crystals. For more infor-
mation write to Simpson Electronics Inc., 
2295 Northwest 14th Street, Miami, 
Florida 33125, or use check-off on page 
94. 
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motorola functional 
circuits 

9 1 
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Motorola's recently introduced line of 
low-cost functional circuits now totals 
twenty devices. Included are flip-flops, 
voltage regulators, general purpose and 
audio amplifiers and an electronic attenu-
ator. 

Functional circuits provide common 
circuit functions where discrete tran-

sistors cannot economically be used. 
These are generally circuits where match-
ing or balance or component density can 
better be achieved on a single chip, and 
include complex digital and linear func-
tions such as multipliers and demodu-
lators. 

Functional Circuits are supplied in 
new, low-profile, plastic packages spe-
cially designed to use minimum printed 
circuit board area yet maximize pin 
spacing for easy, reliable soldering. The 
twenty functional circuits are listed 
below: 

For further information, write to 
Technical Information Center, Motorola 
Semiconductor Products, Inc., Post Of-
fice Box 20924, Phoenix, Arizona 85036, 
or use check-off on page 94. 

application function 
device 
number 

price 
(1-9) 

audio .25 W out audio 
outputs 1.0 W out audio w/preamp 

1.0 W out audio w/preamp 
4.0 W out audio w/preamp 
2.0 W out audio w/preamp 
2.0 W out audio w/preamp 

MFC4000A 
MFC6070 
MFC8010 
MFC9000 
MFC9010 
MFC9020 

$1.35 
$1.55 
$2.94 
$4.57 
$3.53 
$3.25 

audio 
drivers 

class-A driver 
class-B driver 

MFC4050 
MFC8020 

$1.26 
$2.38 

general 
purpose 
amplifiers 

digital 

wideband gain block 
fm i-f differential amplifier 
flexible differential 

amplifier 
low noise preamp 

single-toggle flip-flop 
double-toggle flip-flop 
double-toggle flip-flop w/&reset 
J-K flip-flop 

MFC401 OA 
MFC6010 
MFC8030 

MFC8040 

MFC4040 
MFC6020 
MFC6050 
MFC8050 

$1.26 
$1.08 
$1.65 

$2.13 

$1.35 
$2.70 
$1.65 
$1.98 

voltage 8-30 V regulator 1 W, 200 mA 
regulators 8-30 V regulator 1 W, 200 mA 

8-30 V regulator 2.5 W, 200 mA 
w/current regulator 

MFC4060 
MFC6030 
MFC9030 

$1.41 
$2.77 
$3.60 

control 
circuit 

electronic attenuator MFC6040 $1.98 
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vhf fm catalog 
The recently published 1971 catalog 

from Gregory Electronics features a com-
plete listing of equipment for the vhf fm 
operator including General Electric Pro-
gress, Pre-Progress and Pacers; Motorola 
Mobile units, Motrac, Motorcycle Dis-
patcher, etc; as well as commercial equip-
ment manufactured by Dumont, RCA 
and Bendix. Gregory Electronics has a 
wide stock of fm equipment in stock, 
including gear for low-band (30 to 50 
MHz) mobile and base stations, high-band 
(150-174 MHz) mobile and base stations 
and uhf (450 to 470 MHz) mobile and 
base stations, plus remote controls and 
various parts and accessories. For the 
serious vhf fm operator the new 1971 
Gregory Catalog represents one of the 
most complete listings of vhf fm equip-
ment, with descriptions, available to the 
amateur. For your copy, write to Gregory 
Electronics Corporation, 249 Route 46, 
Saddle Brook, New Jersey 07662, or use 
check-off on page 94. 

motrac tone kit 
The addition of sub-audible continu-

ous-tone squelch to Motorola Motrac 
radios has been made easy by the new 
Alpha MK-21 Motrac tone mounting kit. 
The MK-21 makes possible rapid conver-
sion of previously non-toned Motrac 
radio units, a heretofore difficult 
problem. Radio systems employing so 
called "NON PL" Motracs can be updated 
and made more efficient, relieving the 
user from listening to co-channel conges-
tion. Because the Alpha tone unit is 
completely compatible with existing 
"Private Line," "Channel Guard," "Quiet 
Channel" and other sub-audible tone 
devices, the non-tone Motrac can be put 
into service in existing toned systems, 
thus extending the useful life of these 
fine radios. Also available from Alpha is 
an optional two-frequency tone unit that 
allows for selective control of repeaters, 
base stations, etc. The MK-21 uses the 
plug in the ST85H encoder or theSS80H 
encoder/decoder. Simple step-by-step in-

stallation instructions are provided, and a 
wide range of El A tone frequencies is 
available. 

For information write to Alpha Elec-
tronic Services Inc., 8431 Monroe 
Avenue, Stanton, California 90680 or use 
check-off on page 94. 

uhf quadrature coupler 

Multiple-device combining, transmis-
sion continuity and mismatch isolation 
are three major performance advantages 
afforded by the Motorola M1C5830-31, 
3-dB quadrature coupler. 

Mismatching of transmitter ports, for 
example, is reported no longer a problem 
because the application of a reflected 
signal at either of the output ports results 
in signals at the input port attenuated by 
20 dB. Insertion loss is as low as 0.25 dB 
maximum, affording greater output 
power; phase balance is ±1.5° maximum, 
furnishing smaller combining losses and 
less distortion. 

Efficiency in higher frequency designs, 
such as broadband military and ECM 
equipment is also heightened through 
elimination of power-robbing, load-bal-
ancing passive components which con-
strict bandwidth. Usable frequency capa-
bility ranges from 225 to 400 MHz and 
450 to 512 MHz. 

The stripline, broadside devices are 
constructed from Teflon fiberglass board 
and sealed with a low loss, low dielectric 
compound. Small size is achieved by 
meandering the coupled lines. 

For complete specifications write to 
Motorola Semiconductor Products, Inc., 
Box 20912, Phoenix, Arizona 85036, or 
use check-off on page 94. 
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hep functional circuits 
The new series of Motorola HEP audio 

functional integrated circuits is designed 
to provide a complete audio system for 
experimenter projects. The HEP func-
tional circuits are available in three power 
output levels: HEP type C6004 provides 
1 watt of audio and is priced at $2.60; 
type C6005 provides a minimum of 2 
watts and is priced at $4.35; the 4-watt 
HEP C6006 sells for $5.60. Al l these 
units are high-gain devices, include a 
preamplifier, and will provide full-rated 
output with an input signal in the 10-to 
15-mB range. The circuit can be used 
with 4-, 8- or 16-ohm speakers. A mail-
order source for Motorola HEP devices is 
Circuit Specialists Company, Box 3047, 
Scottsdale, Arizona 85257. For more 
information, use check-off on page 94. 

ampress 
speech processor 

• CP • - j ^^ t * 
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The C. E. Cox Company has intro-
duced its new solid-state Ampress speech 
processor, a high-performance low-cost 
unit designed to increase talk power and 
improve speech quality. The Ampress is 
not a speech clipper, but a variable-gain 
preamplifier that uses controlled nega-
tive-feedback to produce a constant out-
put level automatically. The circuit 
operates with very fast attack time to 
accomodate transients. In addition, the 
Ampress incorporates a "speech enhance-
ment" feature which amplifies voice 
signals selectively, with frequency re-
sponse controlled by the compression 
function. The result is a crisp penetrating 
signal with carefully exaggerated speech 

harmonics and high-frequency com-
ponents to punch through heavy QRM. 

The Ampress wil l work with all 
amateur rigs, a-m, fm and ssb, and comes 
in two attractive models: the CCA-1 
which operates on three pen-light cells, or 
the CCA-1 R which operates on three 
rechargeable cells and has an internal 
cur rent regulator and external ac 
adapter/charger. The price of the CCA-1 
is $29.95; the CCA-1 R is $39.95. For 
more information, write to theC. E. Cox 
Company, 2415 Broadway, Santa Ana, 
California 92707, or use check-off on 
page 94. 

understanding 
solid-state circuits 

This new book by Norman Crowhurst 
presents all the information one might 
need to become acquainted with practical 
solid-state circuits. The author has cut 
away all the unnecessary verbiage on 
semiconductor theory and gotten right 
down to the circuits themselves. First 
there's a brief discussion of the various 
types of semiconductors and their oper-
ating modes; then comes a thorough but 
practical discussion of linear amplifica-
tion. The author covers dc and ac feed-
back, current gain, controlling current 
and voltage gain, phase inversion and 
deals with typical everyday circuits. 

The next chapter covers power ampli-
fication using single and push-pull stages, 
complementary symmetry and protection 
circuits. Then comes a thorough treat-
ment of feedback and its applications, fet 
s tab i l i za t i on , high-frequency losses, 
equalization, rolloff and filter alignment. 
Sinusoidal oscillators and function gener-
ators are also covered in detail. Other 
subjects included in this helpful book are 
gain-controlled amplification, limiting 
and compression, expansion, attenuators, 
logic and integrated circuits. 192 pages. 
Over 150 illustrations. $7.95 ($4.95 
paperbound) from Tab Books, Blue Ridge 
Summit, Pennsylvania 17214, or use 
check-off on page 94. 
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two-meter transceiver 

The new sol id-state Comcraft 
CTR-144 two-meter transceiver combines 
all the most desirable features possible 
into a small portable unit. The double-
conversion receiver has crystal-controlled 
first conversion for maximum stability; 
mosfets are used in the rf amplifier and 
mixer stages. Noise figure of the receiver 
is 4 dB. A three-pole Butterworth filter in 
the front end provides more than 80-dB 
image rejection, eliminating interference 
from the aircraft band. An automatic 
noise limiter and adjustable squelch are 
built in. l-f bandwidth is 18 kHz. 

The transmitter frequency may be 
controlled by crystal or by the built-in 
vfo; the crystal oscillator uses standard 
8-MHz crystals. The CTR-144 vfo oper-
ates at 7 to 9 MHz; vfo output is mixed 
with 65 MHz to produce 72 MHz out-
put—this is doubled to 144 MHz. Re-
ceiver and transmitter vfo tuning are 
completely separate. 

The only transmitter adjustments 
needed are output tuning and load; a 
front-panel switch provides selection of 
either a-m or fm. Power input is 12 watts; 
power output, 6 watts. The CTR-144 
may be operated on its internal 117 Vac 
power supply, or any 12- to 18-volt dc 
source capable of 2 amps (the receiver 
requires only 100 mA). An optional 
clip-on rechargeable battery pack permits 
portable operation. 

The baked-on epoxy finish of the 
Comcraft CTR-144 resists scratching and 
other marring. The panel is brushed 

aluminum with lettering permanently 
anodized in. The circuit boards are mili-
tary style glass-epoxy types with solder-
plated terminals. The CTR-144 is priced 
at $389.95, including a crystal for 146.94 
MHz. For more information, write to 
Comcraft Company, Post Office Box 266, 
Goleta, California 93017, or use check-
off on page 94. 

foreign language QSOs 
The use of foreign languages by Ameri-

can amateurs is increasing rapidly. The 
primary motivation is probably the pleas-
ure afforded by exchanging greetings with 
a foreign operator in his native language. 
Europeans have always used amateur 
radio as an effective means for practicing 
English, and, now that ssb has made 
voice contacts so easy, language partners 
are available who wish to learn English 
and are willing to trade German, Spanish, 
French, etc., for practice in English. For 
the ham with language training or inter-
est, Foreign Language QSOs add a new 
dimension and a satisfying proficiency to 
his hobby. 

The Foreign Language QSO tapes have 
several advantages: genuine ham jargon is 
used throughout; the tapes are prepared 
by native hams who know the right 
phrases actually used. 

The Armed Forces method of language 
teaching is imitated; you advance through 
dialogue and questions and answers, 
thereby increasing your vocabulary and 
grammatical ability. Also, sufficient 
material is provided to challenge the 
person who already has studied a foreign 
language and wants to sharpen his abili-
ties, especially for amateur radio use. In 
addition, a complete English translation 
of all text, and basic information about 
the structure of the target language is 
provided. 

Foreign Language QSOs are available 
in tapes or cassettes, English-Spanish or 
English-German. For more information, 
write to Foreign Language QSOs, Post 
Office Box 53, Acton, Massachusetts 
01720, or use check-off on page 94. 
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a second look fish 

The latest application for radio is a new 
system developed by Sangamo Electric 
for automatically reading electric, gas and 
water meters from a cruising utility truck. 
The new system combines the functions 
of meter reading, communicating the 
data, and preprocessing the information 
on magnetic tape. The tape is used to pre-
pare monthly bills. 

The utility meters used in the auto-
matic system are conventional watthour, 
gas and water meters which are equipped 
with an spdt switch on the numerical reg-
isters; such meters are commercially avail-
able today. The electrical pulse from the 
switch is accumulated in a digital counter; 
the output from the counter is fed into a 
transponder mounted on the side of the 
building. 

The transponder is the heart of the 
system. It is a completely passive unit 
that radiates no rf energy except when 
interrogated once a month by a cruising 
utility truck. The transponder is activated 
by a 915-MHz signal from the truck. As 
long as the received signal is above a pre-
set threshold, it re-radiates the second 
harmonic back to the truck's highly-di-
rective receiving antenna. 

Data transponder consists of harmonic 
generator and two Yag i antennas. 

The 1830-MHz signal from the trans-
ponder is keyed on and off by the 4-kHz 
pulse train from the data accumulator. A 
complete message from up to 12 utility 
meters can be received within less than 30 
feet when the truck is traveling at 20 
mph. 

The transponder consists of two Yagi 
antennas on a single boom as shown in 
the photograph. The 4-element 915-MHz 
antenna is mounted below the 6-element 
1830-MHz unit. The radiators of the two 
antennas are connected through a har-
monic generator; this is the small unit in 
the photograph located between the sec-
cond elements of each antenna. 

Pilot tests being conducted in Spring-
field, Illinois with a prototype system in-
dicate that, on a one-shift basis, a cruising 
utility truck can automatically record 
data from 100,000 meters per month. 
This represents approximately one-tenth 
the cost of present meter-reading meth-
ods. 

sweepstakes 
The prize drawings for the ham radio 

sweepstakes are taking place as this is 
being written. The grand prizes, a Signal/ 
One transceiver and Delta Seventy lin-
ear amplifier, were won by W2ANB in 
Slingerlands, New York. W2CNB, W4YPC 
and WB8DUO are the proud new owners 
of Varitronics IC-2F fm transceivers. Fif-
ty other winners will receive the famous 
RSGB "Radio Communications Hand-
book." We will have complete details in 
the September issue. 

Jim Fisk, W1DTY 
editor 
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frequency multipliers 

A complete discussion 

of frequency multiplier 

circuits, 

including vacuum tubes, 

bipolar transistors, 

field-effect transistors, 

diodes and 

integrated circuits 
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Radio amateurs have used frequency 
multipliers in receivers and transmitters 
for many years. The octave relationship 
of the originally designated amateur 
high-frequency and vhf bands (1.75, 3.5, 
7.0, 14.0, 28.0, 56.0, 112.0, and 224 
MHz) made doublers very popular in the 
era before World War II. Also, since the 
time when crystal control was first intro-
duced frequency multipliers have been 
needed because of the maximum fre-
quency limit of piezoelectric crystals at 
any given state of the art. In the 1930s 
crystals were limited to fundamental-
mode types; crystals above 15 MHz were 
generally not available to radio amateurs. 
Therefore, amateurs who wanted to use 
crystal control on 28 MHz used a doublei 
from 14 MHz or two doublers from 1 
MHz. 

INPUT 
I f ) 

g r b $7 

-BIAS 

fig. 1. Vacuum-tube push-pull triple curcuit. 
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table 1. Vacuum-tube conduct ion angle for 
different frequency multipl ication ratios. 

harmonic 
number 

2 
3 
4 
5 

conduction 
angle 

90-120° 
80-120° 
70-90° 
60-72° 

Today, 7th- or 9th-order overtone 
crystals are available for frequencies up to 
about 200 MHz. This makes frequency 
multiplication less imperative. However, 
variable crystal oscillators (vxo) work 
best with fundamental mode AT-cut 
crystals (generally available only up to 
about 22 MHz) so we will still find 
frequency multipliers in use. Also, multi-
plying up from a frequency standard, 
generally in the 1 to 5 MHz region, is 
often required to make calibrations at 
higher frequencies. 

Until 20 years ago vacuum tubes and 
point-contact diodes were the only de-
vices available as frequency-multipliers. 
For this application the vacuum tube was 
usually operated in class C with the 
cutoff bias set so the conduction angle 
was considerably less than 180°. This 
type of frequency multiplier is covered in 
detail by Terman.1 The higher the multi-
plication factor, the narrower the con-
duction angle must be for best multiplica-
tion efficiency; this is shown in table 1. 

Two variations of the vacuum-tube 
multiplier are available to improve per-
formance; both use balanced tubes. The 
push.-pull multiplier, fig. 1, cancels out 
even harmonics so is useful as a 3-, 5- or 

7-times multiplier. This circuit looks just 
like a push-pull class-C amplifier except 
that the cross-neutralization capacitors 
are removed since the output is on a 
different frequency than the input. The 
push-push multiplier, fig. 2, cancels the 
fundamental and odd harmonics so is 
useful as a doubler, quadrupler, 6-times 
multiplier, etc. Anyone who worked the 
vhf bands in the 1950s will remember the 
multi-stage push-push and push-pull 6J6 
multipliers. 

3 
INPUT 

m — » 1 OUTPUT 
k Kfl 

• RFC 

O -BIAS 

I / ami! 

Fig. 2. Vacuum-tube push-push doubler circuit. 

transistor multipliers 

With the development of the bipolar 
transistor a new type of multiplier be-
came available — perhaps two new types. 
The most obvious way to use a transistor 
as a multiplier is to rely on the nonlinear 
characteristic of the base-emitter diode. 
The transistor doubler circuit in fig. 3 has 
pi-networks on both input and output.2 

SHELD 

2N7*3 

L2 
OO8611H 

^ ^ s o-ao / y ^ 

L3 
Z87yH 

2 7-30 

r r r 

90-OHM 
LOAD 

RFC 
I t0»H 

+ IZV 

fig. 3. Bipolar-transistor 21- to 4 2 - M H z doubler. L I is 3 turns no. S16 Air D u x ; L2 is 4 turns no. 416 
Air Dux ; L 3 is 7 turns no. 416 A i r Dux. 
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ZIMHG 
INPUT 

SPACE COILS FOR COUPUNO 
COEFFICIENT WELL BELOW 
CRITICAL 

-\(r 
1000 

fig. 4. Frequency doubter 
circuit using a bandpass 
output circuit. 

170- 760 
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100-530 

rh 
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rh 

Since the circuit is a frequency doubler 
and a pi network is a lowpass network, it 
is necessary to add a fundamental trap 
consisting of L3 C4 and C5 (If it were a 
tripler circuit it would be necessary to 
have both fundamental and second-
harmonic traps.) If you use a bandpass 

4ZMHI 
OUTPUT 

170-780 

M 

6 + E V 

fig. 5. Frequency doubler circuit using a 
single parallel-tuned output circuit. 

T>*)2V 

coupling network such as a double-tuned 
circuit these traps may be eliminated. 
Such a circuit is shown in fig. 4. in fact, if 
you are not too fussy about the rejection 
of fundamental and unwanted adjacent 
harmonics the circuit of fig. 5 can 
be used. However, fig. 5 is best suited 
for doubling because frequency doubling 
gives the greatest spacing (percentage) of 
unwanted frequencies. 

Since the transistor does not conduct 
current unti l the base-emitter junction is 
forward biased it is necessary to have at 
least a few tenths of a volt across this 
junction for appreciable mult ipl ier action. 
For this reason, if the drive level is low, it 
is advisable to use a l i t t le dc forward bias 
to cause the transistor to conduct. How-
ever, forward bias and low drive voltage 
minimize the nonlinearity of the base-

RH 

outs ANOUMXO TO CHASSIS 

L t 10 turns no. 18, Vz" ID , 5 / 8 " long 

L 2 3 turns no. 18, Vz" ID , Vz" long 

L3 5 turns (to. 18, V*" ID, V2" long, tap at IV* 
turn f rom ground 

L4 Vj" wide copper trap, 2" long, spaced Vz" 
f rom chassis, tapped V2" f r o m ground 

fig. 6. Three frequency doublers which use forward bias of the base-emitter junct ion because of 
low-level drive. 
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emitter junction and decrease the tran-
sistor's effectiveness as a multiplier. A 
transistorized crystal oscillator and multi-
plier chain using forward-biased fre-
quency couplers is shown in fig. 6; it was 
originally designed as a local-oscillator 
source for a 432-MHz converter,3 Of 
course, the base-emitter voltage required 
to forward-bias germanium transistors (as 
in fig. 3 through 6) is lower than that 
required for silicon transistors. 

In a recent article on transistor multi-
pliers W6AJF suggested a number of 
practical circuit innovations that make 
frequency multipliers more efficient.4 

One point is to reduce the affect of 
base-to-coilector capacitance. He suggests 
a couple of ways of doing this: adding a 
series trap from the base to ground tuned 
to the output frequency, or using a 
capacitive divider in the input tuned 
circuit, making sure that C2 is no larger 
than -j10 ohms at the output frequency 
(see fig. 7B). W6AJF also suggests the use 

of a "grid-leak" arrangement to reduce 
danger of transistor breakdown where the 

INPUT 

O — 

-K-
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i* 
r r r 
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semes r w 
TIMED TO OUTPUT 
FREQUENCY 

m 

INPUT 
o 

m m m 

fig. 7. Improving multiplier efficiency: 
Input of circuit (A) uses a series trap 
tuned to the output frequency; circuit in 
(B) uses a large value at C2. 

o o 
fig. 9. Complimentary transistor frequency multipliers. Push-pull tripler circuit in (A}; push-push 
doubler circuit in (B). 
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drive voltage exceeds the maximum base-
emitter reverse breakdown rating. 

As with tubes, it is possible to use 
push-pull transistor multipliers for odd-
harmonic generation and the push-push 

for the complimentary push-pull and 
push-push multipliers are shown in fig. 
10. It should also be mentioned that 
transistor matching is desirable in both 
push-pull and push-push circuits. Anti-

mM 
m 

r t* / T ' 

& ft 

OUTPUT 
! 31) 

^ Q 

* COMPLIMENTARY TRANSISTORS 

o o 
fig. 10. Complimentary common-base multiplier circuits. (A) is push-pull tripler; (B) is push-push doubler. 

transistor multipliers for even-harmonic 
generation (circuits are shown in fig. 8). 
Unlike tubes, however, we can build 
complimentary circuits with transistors. 
Since both npn and pnp transistors are 
available it is possible to build both 
complimentary push-pull and compli-
mentary push-push multipliers {typical 
circuits are shown in fig. 9). 

Of course, you don't have to use the 
common emitter-configuration in tran-
sistor multipliers; common-base circuits 

matching (finding pnp and npn transistors 
that have equal but opposite polarity 
characteristics) is desirable for the com-
plimentary push-pull and push-push cir-
cuits. Dual npn and pnp silicon transistors 
are quite commonly available; also, many 
companies offer separate npn and pnp 
transistors which are intended for compli-
mentary use (such as the Motorola 
2N3903 and 2N3905). In the case of 
matched npn transistors it is often less 
expensive to buy an IC array, such as the 

fig. 11. Broadband push-push frequency 
doubler circuit uses two transistors of a 
CA3018 IC ; numbers indicate IC pin numbers. 
T1 is a North Hills 50:400-ohm balanced 
transformer. Ground pin 10 of the CA3018. 

Hf-

INPUT 
(10 dbml 

MLANCC 
ADJUST 

-IZV 
O-

Jr 

I m 

fig. 12. Broadband push-pull complimentary 
tripler circuit. Primary of T1 is 28 bifilar 
turns no. 30 on Indiana General CF103-Q1 
core; secondary is 2 turns no. 24. 
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RCA CA3018, than to buy a commercial 
matched pair; the CA3018 contains 4 
matched npn transistors (see fig. 11).* A 
broadband complimentary bipolar tripler 
is shown in fig. 12. 

multiplier for tripling from 333 to 999 
MHz is shown in fig. 13. 

fet multipliers 

The field-effect transistor is a more 

OUTPUT CAVITY 

IN* 333MHz 

WC4 
10 

M 
T o 

to 

m m 

n 

)RFCe 
<D.M OHM WW 

C6 
, 1000 

CT 
.02 

28 *ta 
VDC 

m 

OUT • 999MHr 

L I 2 turns no. 18,'/«" diameter L 3 2 turns no. 18, 3 /8" d iameter 

L 2 1/16- inch wide copper strap, 4 " long L 4 1 turn no. 18, W diameter 

fig. 13. Uhf transistor parametric multiplier. R F C 2 is 0.33-ohm wirewound resistor. 

parametric multiplication 
A second mechanism that may be used 

for frequency multiplication with tran-
sistors uses the base-collector depletion 
capacitance.5. 6 This is called parametric 
multiplication. As with parametric diode 
multipliers you must design carefully to 
obtain anything like optimum efficiency. 
The parametric effect is a high-level one 
and only becomes important when the rf 
voltage is swinging a significant per-
centage of the collector-to-base voltage. 
To make the most of the parametric 
effect the collector circuit must have a 
number of idler circuits which increase 
efficiency by reflecting undesired har-
monics back to the collector-base capaci-
tance. A typical parametric transistor 

*The broadband t ransformer used in f ig. 11, as 
wel l as the one used in fig. 18, is available for 
$5 .50 postpa id f r o m Hank Olson, Post Of f i ce 
Box 339, Men lo Par), Cal i forn ia 9 4 0 2 5 . 

recent addition to the amateur's bag of 
semiconductor tricks. Fets have dropped 
in price with the availability of plastic 
packaging and modern production 
methods, and a number of respectable 
devices are available for a dollar or less. 
Fets can be grouped into two general 
types: Junction and insulated-gate. Both 
n- and p-channel fets are available in 
junction and insulated-gate versions. 

The fet frequency multiplier can be 
treated in much the same way as the 

fig. 14. Simple fet frequency multiplier. 
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vacuum-tube multiplier, with cutoff bias 
applied to the gate and rf drive voltage to 
set the conduction angle indicated in 
table 1. Two such circuits are shown in 
fig. 14. Both of the fets in fig. 14 are 
n-channel devices since most fets for rf 
are n-channel types, whether junction or 
insulated-gate types. 

Since both n- and p-channel fets are 
available it is possible to build the compli-
mentary push-pull and push-push multi-
pliers in much the same way as with 
bipolar transistors. Circuits are shown in 
fig. 15. Conventional push-puli and push-
push multipliers are feasible too; ex-
amples are shown in fig. 16. Matched fet 
pairs are commonly available, and push-
pull and push-push circuits will work best 
with them. A complete 14-MHz crystal 
oscillator and fet push-push doublerwith 
28 MHz output is shown in fig. 17. The 
28-MHz output is remarkably free of 14 
MHz energy due in part to circuit 
balance, and in part to the resonant 
circuit, T2. Another fet push-push 
doubter, one that will work over the 
entire high-frequency spectrum, is shown 
in fig. 18. A broad-band complimentary 
fet doubler is in fig. 19. 

IC multipliers 

Two similar devices that have recently 
been introduced to the IC market are the 
multiplier and the balanced modulator; 
either can serve as a frequency doubler. 
The Motorola MC1595 and MC1596, or 
their Fairchild equivalents, JUA795 and 
MA796, can be used as doubters by 
introducing rf drive into both inputs. 
Since the MC1595 and juA795 are true 
multipliers the input signal is multiplied 
times itself, producing a sin20 waveform. 
The sin20 waveform looks very much like 
a full-wave rectified sine wave and con-
tains only the second harmonic plus a dc 
com ponent. * 

The MC1596 and /uA796 balanced 
modulators operate in much the same 

*lf you are accustomed to trigonometric iden-
tities, the following equation provides an ex-
planation for multiplier operation: 

s in 20 = 1/2(1 - cos 20) 

INPUT 
<t) 

H(-

-K-
RFC 

Tib 1-

'DO 

- BIAS 

* COMPLIMENTARY 

INPUT 
<t> ® -t 

'OD 

-t 
"DO 

O- X 

COMPLIMENTARY 

fig. 15. Compl imentary fet multiplier 
circuits. (A ) is doubler; (B) is tripler. 
Fets are matched complimentary pairs. 

INPUT 
11) 

fig. 16. Push-push fet doubler (A), ami 
push-pull fet tripler (B). 
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fig. 17. Fet 1 4 - M H z crystal oscillator and push-push doubler. Primary of T 1 is 2 0 turns no. 2 6 on 
A m i d o n T 4 4 - 6 toroid core; secondary is 4 turns no. 22, center-tapped. Primary of T 2 is 13 turns no. 
20, o n A m i d o n T44 -6 core; secondary is 2 turns no. 2 0 Fets Q 2 and Q 3 are selected for 
approximately equal l r t c c 

way as the IC multipliers although they 
are not true multipliers. Frequency-multi-
plier circuits for the MC1595 and 
MC1596 are shown in fig. 20. Note that 
the circuit of fig. 20A does not depend 
on tuned circuits to suppress undesired 
harmonics but does so by circuit balance 
alone. 

diode multipliers 

The point-contact diode has been used 
as a frequency multiplier since the first 
1N34s became available, and possibly 
earlier than that.7 These diodes were 

doubler. T 1 is broadband No r th Hil ls 
5 0 : 4 0 0 - o h m balanced transformer. U 2 S 7 
is dual matched Si l iconix fet. 

fig. 19. Compl imentary 
fet broadband push-push 
doubler. Pr imary of T 1 is 
28 turns no. 30 bifilar 
w o u n d o n I n d i a n a 
General C F 1 0 3 - Q 1 core; 
secondary is 2 turns no. 
24. 

-12 V 
BALANCE O—_ 
ADJUST 

FP4339 ' 

OUTPUT 

'COMPLIMENTARY PAIR 
BY SILICONIX 
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usually used to enhance the harmonics of 
100-kHz crystal calibrators, so they 
cannot be considered to be multipliers of 
any significant efficiency. Modern ver-

built; a broadband doubler is shown in 
fig. 21. This circuit is very useful as a 
signal generator accessory. 

In fact, broadband doublers are sold 

o o 
fig. 20 Broadband integrated-circuit frequency doubler is shown in (A). 200-MHz frequency doubler 
using the Motorola MC1596G in (B). Fairchild u A 7 9 5 / u A 7 9 6 or Signetics S5995/SSS96 may be 
used in these circuits. 

sions of such a calibrator would probably 
still use a 1N100 or 1N270 germanium 
point-contact diode since these are 
superior even to good silicon computer 
diodes. 

The hot-carrier or Schottky-barrier 
diode, such as the Hewlett-Packard HP 
5082-2800, is better than either the 
point-contact germanium or the silicon 
junction diode. If you use two matched 
hot-carrier diodes, arranged as a full-wave 
rectifier, a fairly efficient doubler can be 

by Hewlett-Packard and other test equip-
ment manufacturers for doubling the 
high-frequency output range of their 
signal generators. The diode doublers put 
out 12 to 16 dB less second harmonic 
than input. 

Another diode frequency multiplier is 
the parametric diode multiplier. Many 
circuits have been published. Like the 
parametric transistor multiplier, which 
they pre-date, operation of the para-
metric diode multiplier relies on the 

i/ OUTPUT 

I H ^ 0 

fig. 21. 100-KHz crystal calibrator using germanium point-contact diodes to enhance harmonics. L I 
is tuned to the amateur band of interest. 
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variable capacitance of a reverse-biased 
junction. Idler circuits are required, and 
the design and tuneup procedures are 
extremely tedious. A typical 150 MHz to 

13 u 
C4 

L3 13 otrmjT 
j-Y-rv-^-j (i) 

- t cs 
23 

m 

L I 6'/? t u r n s no . 16, 5 / 1 6 " d i ame te r , 9 / 1 6 " 

l o ng 

L 2 2 t u r n s no . 12, >/«" d i ame t e r , 5 / 1 6 " l o ng 

L 3 '/4-inch w i d e c o p p e r strap, 1 " l ong , 

spaced 9 / 1 6 " f r o m chass is 

fig. 22.Medium-power 150- to 450-MHz tripler. 

450 MHz diode parametric multiplier is 
shown in fig. 22. This single-ended design 
is the form most used in amateur equip-
ment. 

It is also possible to build a push-pull 
parametric multiplier which will have the 
same even-harmonic cancelling properties 
of the push-pull multipliers I've discussed 
previously (fig. 23). It follows, then, that 
a push-push parametric multiplier which 
cancels fundamental and odd harmonics 
could also be built. Such a circuit is 
shown in fig. 24. 

A later development in the way of 
multiplier diodes is the step-recovery 
diode. Unlike the parametric diode or 
varactor, the step-recovery diode does not 
depend principally on the nonlinearity of 
its depletion capacitance for harmonic 
generation. Instead, it depends on the 
fact that when it is forward biased a 
charge is stored; when the diode is sub-
sequently reverse biased the charge is 
dumped. In a properly designed circuit 
the step-recovery diode will be driven 
into forward conduction by positive ex-
cursions of the fundamental drive voltage; 
the stored charge will dump into a tuned 
circuit at the desired output frequency. 

In a step-recovery frequency multiplier 
the harmonic power is proportional to 
1/n; where n is the harmonic number. 
This is much better than the power falloff 
of a varactor multiplier where harmonic 
power is proportional to 1/n2. In a 144 
MHz to 432 MHz tripler, for example, 
harmonic power would be 3 times greater 
with a step-recovery multiplier circuit. 
Fig. 25 shows efficiency vs harmonic 
number n for a typical step-recovery 
diode multiplier. Note that large values of 
n are quite feasible.8 

There's another advantage, too: Only 
the desired output frequency is tuned in a 
step-recovery diode multiplier — no 
elaborate idler system is required. 

Until recently step-recovery diodes 

ISOMHi 
OUTPUT 

fig. 23. Balanced parametric diode 50- to 

150-MHz tripler features conversion efficiency 

of 70%. L1 is 0.18 JUH choke. L2 is 7 turns no. 

18, 5/16" diameter, 3/4" long, center-tapped. 

L.3 is 8 turns no. 20 closewound on V3-inch 

form. 

112 S MHi 
INPUT T-100 

??5 UHl 
i-zo Output 

fig. 24. 112.5- to 225-MHz balanced parametric 

diode doubler. Primary of T1 is 2 turns no. IS, 

3/8" diameter, 1-1/2" long, center-tapped; 

secondary is 2Vz turns no. 16 on each side of 

p r i m a r y . Conversion efficiency is 75%. 

Varactors are T R W types. 
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have been very high-priced and available 
only to industry. However, one low-cost 
step-recovery diode is available for 
amateur experiments. The Siliconix 

Note the similarity between step-
recovery diode multipliers and parametric 
diode multipliers. The circuits are quite 
similar, so it is also possible to build 

fig. 27. Basic elements of a phase-locked loop frequency multiplier. 

SV110 is available in a standard axial-lead 
diode package for $5.50.* 

Fig. 26 shows the general circuit ar-

100 

HARMONIC NUMBER (n) 
fig. 25. Typical output efficiency of a 
step-recovery diode multiplier as a func-
tion of the harmonic number, n. 

balanced step-recovery diode multipliers 
which cancel either odd or even har-
monics. However, the advantages of bal-
anced step-recovery diode multipliers is 
decreased because no idler circuits are 
eliminated. 

phase-locked multipliers 
In recent years another, a more com-

plex method of frequency multiplication 
has been used for special purposes; this is 
the phase-locked loop frequency multi-
plier. Frequency synthesizers often make 
use of this technique because of its 
inherent signal cleanliness. The system 
effectively multiplies, but circuit opera-
tion is actually accomplished by fre-
quency division. The general nature of 
the system is shown in fig. 27. To use this 
system you build the oscillator to the 
same frequency as the desired output, 
then phase lock it to a subharmonic. If 

rangement for a step-recovery diode fre-
quency multiplier. With the Siliconix 
SV110 step-recovery diode conversion 

200% efficiency falls off as up to 3000 
MHz so you can expect maximum effici-
ency of about 22% in a 144 MHz to 1296 
MHz times-9 multiplier. To realize any-
where near this theoretical efficiency, 
however, circuit losses must be low. 

*$5.50 from Siliconix Incorporated, 1140 West 
Evelyn Avenue, Sunnyvale, California 94086. 

Zo'SO 

fig. 26. Generalized circuit 
recovery diode frequency mul 

of a step-
iplier. 
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-O OUTPUT (nf> 

INPUT 
(f) 

+SV 

fig. 28. Phase-locked loop multiplier for output frequencies up to 500 kHz uses Signetics NE565. 

the oscillator is voltage-controlled the 
only input to it is the dc error voltage, so 
the output can be made nearly perfectly 
clean (since no rf is fed into the vco). 

Since the phase-locked loop technique 
is rather complex it has been used only in 
expensive electronic systems. However, 
now the phase-locked loop has been 
tucked into an IC (or two). Because of 
the advance of IC technology it is a fairly 
simple matter to build a phase-locked 
loop frequency multiplier. Fig. 28 shows 

fig. 29. Signetics NES62 allows frequency 
multiplier operation up to 60 MHz (output). 
Capacitor CI is a low-pass filter capacitor; Co 
sets frequency of operation. 

a Signetics NE565 phase-locked loop with 
a divide-by-n counter; in this case a 
four-stage binary counter, the Signetics 
N8281. It is not necessary to use this 
particular counter as nearly any TTL 
counter or combination of flip-flops will 
do. Since flip-flops may be connected in a 
variety of ways to divide by nearly any 
number almost any harmonic can be 
multiplied by this system. The Signetics 
NE565 has an upper frequency limit of 
500 kHz, but the Signetics NE562 may be 
used to 60 MHz as shown in fig. 29. 
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rf clipper 
for the 

Collins S-line 

This rf 

speech-processing 

circuit offers 

increased talk power 

without distortion 

or splatter — 

circuit can be adapted 

to other transmitters 

Rf speech clipping is the most effective 
technique for increasing the average to 
peak power output of a ssb transmitter 
without increasing the transmitted band-
width or in-band distortion products. The 
high effectiveness of rf clipping was 
dramatically illustrated by W6JES.1 This 
article describes a highly effective rf 
speech clipper that is installed in a Collins 
32S1 transmitter; the same circuit may 
also be used in the 32S3. The Collins 
S-line transmitter is one of the best rigs 
for added rf clipping circuitry because of 

1. A beefy power supply, capable of 
supplying a high average current level. 

2. The use of 6146 transmitting-type 
final-amplifier tubes coupled with an 
effective rf compression loop (ale) and 
negative feedback to the final ampli-
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fier stage for reduction of inter-
modulation products. 

3. A stable, effective balanced modu-
lator capable of providing carrier sup-
pression in excess of 50 dB for long 
periods of time. 

Because of the highly effective ale 
loop very little additional performance 
improvement is gained through the use of 
audio processing techniques such as com-
pressors and audio clipper/filters. The 
apparent improvement noticed with these 
devices usually comes with a sacrifice in 
overall intelligibility because the noise 
power of the processor-generated distor-
tion products increases nearly as much as 
the voice power. The net result is a 
sloppy signal of poor overall intelligi-
bility — exactly the thing we are trying to 
improve by using a signal processing 
device. 

Quantitatively, an overall improve-
ment of about 1-dB is all you can expect 
from an audio processor without adding 
appreciable distortion. Any S-meter 
reports to the contrary are due to noise 
and distortion components of the pro-
cessor that hang the slow decay age of the 
receiver and cause a higher average meter 
reading. 

rf clipping 
The answer to the signal processor 

question, at least for the Collins S-line* is 
rf speech clipping. With rf speech clipping 
all processing takes place at the 455-kHz 
i-f. All harmonic distortion components 
are multiplied in frequency and are no 
longer close to their audio fundamentals; 
therefore, they can be removed easily by 
a bandpass filter. Intermodulation dis-
tortion products are still present, but 
they don't become objectionable at clip-
ping levels up to 20 dB with the S-line 
transmitter. 
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clipper circuit 
The rf-clipper circuit shown in fig. 1 is 

currently installed in my 32S1 trans-
mitter. The circuit consists of an fet 
source follower, a variable gain IC ampli-

the clipper to be taken in and out of 
operation by merely turning the gain 
control. The clipping diodes are con-
nected across the collector circuit of this 
amplifier. 

TO 3SSI 
6 3 V FILAMENT 

LINE 

FROM 455kHz 
SIDEBAND FILTER 

O-
SO« LINEAR 
CARBON POT 

ID GRID OF V3 
6066 4S5tHl 
l-F AMPLIFIER 

C I pF (Arco 403) 

C R 1 6.2-volt, %-watt zener diode 

C R 2 . C R 3 Hot-carrier diodes, H P 2 8 0 0 (see text) 

C R 4 silicon rectifier 

R F C 1 

R F C 2 

R F C 3 

U1 

7 turns no. 28 enameled on 0 . 060 " 
diameter 

Ferroxcube 3 K 2 A ferrite core 

5 m H (J. W. Miller 6 304 or 70F -
4 7 3 A 1 ) 

Plessey Microelectronics S L 6 1 2 C 

fig. 1. Schematic for an rf signal clipper designed for the Collins S-line. Circuit can be adapted to 
other filter-type ssb transmitters which have sufficient power-supply reserve. 

fier, a transistor driver and diode clipper. 
The 2N5248 input stage matches the high 
output impedance of the 455-kHz 
mechanical filter to the IC amplifier. The 
variable-gain IC amplifier is based on the 
Plessey SL612C.* (A Motorola MC1590 
IC should also work well in this circuit 
but one was not available when I built the 
clipper.) 

The single transistor power-amplifier 
stage following the IC amplifier is neces-
sary for maximum clipping level while 
providing enough surplus gain to allow 

•The SL612C integrated circuit is $5.65 from 
Plessey Electronics Corporation, 170 Finn 
Court, Farmingdale, Long Island, New York 
11735. 

Several types of diodes were tried in 
this circuit including 1N914 silicon, 
1N277 germanium and HP2800 hot-
carrier diodes. As was expected at this 
frequency all types worked well. How-
ever, silicon devices have a higher con-
duction threshold in the forward direc-
tion, so require more clipper gain for a 
particular clipping level. The leakage of 
germanium diodes increases markedly 
with temperature, causing a noticeably 
lower level of clipping with a softness or 
rounding of the clipped peaks. 

This leaves the hot-carrier diode as the 
best overall choice. The price of hot-
carrier diodes is now less than $1.00 from 
your local Hewlett-Packard regional of-
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fice or from Hal Devices.* Matched pairs 
and quads are also available from both 
sources. However at 455 kHz, the charac-
teristics of individual devices are close 
enough for very symmetrical clipping of 
the ssb envelope. A resistive attenuator 
across the output of the clipper reduces 
the output level to a suitable value for the 
6DC6 i-f amplifier stage. The adjustable 
attenuator compensates for gain varia-
tions in the devices. 

The alternative approach is to use the 
original filter in the sideband filter loca-
tion, and use the second filter for crud 
rejection. The second filter may have 
considerably wider bandwidth than the 
sideband filter without causing any 
serious increase in distortion products.2 

construction 
My rf clipper is built on a 2x3-inch 

piece of copper-clad perforated Vector 

fig. 2. Rf clipper placement in theS-line transmitter. Circuit requires additional 455-kHz mechanical 
filter. 

installation 
Fig. 2 shows the placement of the rf 

clipper circuit in the 32S1 transmitter. 
This arrangement was arrived at after 
much experimentation. It results in a 
stable unit with a minimum of wiring 
modifications to the 32S1 circuitry and 
no holes. Two mechanical filters are used. 
The first filter suppresses the unwanted 
side-band. The second filter blocks the 
unwanted harmonic distortion and out-
of-band intermodu I at ion-distortion 
products that are generated by the 
clipper. 

I found it easiest to leave the original 
455-kHz filter between the 6DC6 i-f 
amplifier (V3) and the 12AT7 first mixer 
(V5). This filter now serves as the crud 
rejection filter. I obtained a second 
2.1-kHz filter for use as the sideband-
suppression filter; I used a Collins 
F455FA21. The carrier crystal require-
ments were very close to those of the 
original ssb filter. This may be difficult to 
achieve if you buy a filter from a dif-
ferent manufacturer. 

*HAL Devices, Box 365H, Urbana, Illinois 
61801. 

board. A Vector pad-cutting tool was 
used to insulate the holes needed for 
component mounting. Vector T-28 pins 
were used for component anchors and for 
circuit terminations to the power supply, 
input/output and gain-control pot. 

The board is installed underneath the 
32S1 chassis next to the existing mechan-
ical filter. The wires for the remote gain 
control are routed through the PTO 
power cable hole to the pot which is 
mounted on an L-bracket at the rear of 
the PTO; the bracket is mounted with 
one of the PTO cover screws. The board 
is mounted with heavy no. 14 ground 
leads sofdered to the copper-clad board; 
these leads are attached to solder lugs 
installed under existing screws in the 
immediate underchassis area. 

adjustment 
Adjustment of the rf clipper is simple 

if you have a monitorscope. If a monitor-
scope isn't available, beg, borrow or steal 
one, at least for the initial setup. Using a 
single tone (32S1 in tune, then lock-key) 
tune and load the transmitter in the 
normal manner. Change the mode switch 
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to either sideband and adjust the mic 
audio gain to the normal level. This 
should be between 8:30 and 10 o'clock, 
depending on the type of michrophone 
you're using. 

Change the meter switch to ale and 
check ale action. With the rf clipper 
turned off peaks should be between 4 and 
8 dB. If required, adjust the output 
attenuator pot for this amount of average 
ale action. Now, advance the clipper gain 

I 
o o 

fig. 3. Typical rf envelope patterns. (A) shows 
unprocessed ssb speech; (B) shows processed 
speech envelope with about 1S-dB clipping. 

control while talking; the slope of the 
scope pattern should change markedly, 
flattening out as shown in fig. 3. The 
average wattmeter reading will also in-
crease. N o flat-topping of the ssb speech 
envelope should be detected. Nor should 
the vertical scope deflection increase 
beyond the value first noted under 
single-tone conditions when tuning up 
with the function switch in lock-key. The 
ale level now should increase to 10 to 12 
dB on peaks; if it goes above this level 
reduce audio gain or increase the value of 
the output attenuator until the correct 
ale levels are obtained. 

performance 

Performance of the rf clipper unit has 
been up to expectations. The results agree 
closely with those predicted in the QST 
article;1 that is, an improvement of 8 to 9 
dB in signal intelligibility along with a 10-
to 11-dB gain in average-to-PEP output-
power ratio. 

When using rf clipping, several pre-

cautions must be observed, especially 
with regard to the additional strain placed 
on final amplifier and driver due to the 
large increase in average input power. The 
resultant higher temperatures can have a 
detrimental effect on tube and com-
ponent life, particularly in the area of the 
final amplifier compartment. 

I eliminated part of the problem by 
substituting 7212/6146W tubes in the 
final. I also added a Rotron Whisperfan 
on top of the transmitter cabinet that 
blows cooling air downward through the 
box; the fan is simply mounted on rubber 
grommets and sits on the cabinet top. 
Power for the fan is obtained from the 
5 1 6 F 2 power supply by tapping into the 
switched ac line. A small 2-pin Jones plug 
connects the fan power cord to a short 
2-inch line coming out of the 516F2 
power supply. 

Y o u m a y c o n s i d e r i n s ta l l i n g 
6146B/8298A tubes in the final ampli-
fier. However, the modification necessary 
to increase the screen voltage is not 
recommended with the clipper as the 
power supply and tube dissipation ratings 
will be grossly exceeded. 

I feel that rf clipping is a must for 
optimum ssb talk power in any trans-
mitter with sufficient reserve power 
supply capability. For example, this cir-
cuit can be adapted easily for use in 
transmitters using crystal filters such as 
the Heath SB400 ; only minor changes in 
the crystal filter impedance-matching cir-
cuits should be required. Use of the unit 
for about six months has resulted in a 
marked reduction of T C I P - "t ime call-
ing in pileups." 
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high performance 
144-MHz 

power amplifier 

This efficient 

easy-to-tune 

grounded-grid 

8877 amplifier 

can be run 

at 2000 watts 

PEP ssb 

or 1000 watts cw 
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The new Eimac 8877 is a ceramic/metal 
high-mu triode rated for use up to 250 
MHz. Operation of this tube at 50 MHz 
proved to be so satisfactory1 that other 
8877 amplifiers have been designed and 
built for frequencies up to 350 MHz. Two 
of these amplifiers are of interest to the 
serious vhf operator. One amplifier is 
designed for the amateur 2-meter band 
and is described here. The other amplifier 
covers the range from 150 to 230 MHz, 
and is well suited for use on the amateur 
220-MHz band; it will be described later. 

The 8877 triode has good division 
between plate and grid current and low 
intermodulation distortion. It has a plate 
dissipation rating of 1500 watts and mu 
of approximately 200. The cathode is 
indirectly heated; filament requirements 
are 5.0 volts at 10 amperes. The tube base 
mates with a standard septar socket. 

This 144-MHz 8877 linear amplifier is 
designed for the serious DXer who de-
mands reliable service combined with 
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good linearity and efficiency. The com-
pact grounded-grid design presented here 
uses a half-wave plate line2 and a lumped 
T-network input circuit. The amplifier 

reserve. For operation at 2000 watts PEP 
the plate voltage should be between 2500 
and 3000 volts; under these conditions 
the amplifier will deliver 1240 watts 

Q+2S00V 

S- RETURN HTVAC 

C I 1 0 0 0 P F (Centralab 8 5 8 S - 1 0 0 0 ) 

C 2 25 p F variable (Hammar l und H F A -
2 5 B ) 

C3 ,C4 each consists of two parallei-con-
nected 100 -pF , 5 0 0 0 - V capacitors 
(Centralab 8 50 S - 100 ) 

C 5 plate-tuning capacitor (see fig. 3) 

C 6 output loading capacitor (see fig. 2) 

C7 1 0 0 0 pF , 4 k V feedthrough (Er ie 
2 498 ) 

L I 5 turns no. 14, 3/4" long on 1/2" 
diameter form with white tuning slug 
( C T C 1538-4-3) 

L 2 4 turns no. 14, air wound , 3/4 " long 

L 3 , L 4 xo turns no. 12 enameled, bifilar 
wound , 5/8 " diameter 

L 5 , L 6 plate resonators (see fig. 4) 

L7 7 turns no. 14 wire, 5/8 " diameter, 
1 -3/8 " long 

fig. 1. Schematic for the grounded-grid two-meter triode amplifier. Operating bias for the S877 is 
supplied by a 12-volt zener diode in the cathode lead. 

requires no neutralization, is completely 
stable and free of parasitics, and is very 
easy to operate. 

This amplifier is designed for contin-
uous duty operation at the 1000-watt dc 
input level, and can develop 2000 watts 
PEP input for ssb operation with ample 

output. With the higher plate voltage sup-
ply, up to 13.8-dB gain can be obtained 
with an amplifier efficiency of 62%. 

the circuit 
In the amplifier circuit in fig. 1 the 

8877 grid is operated at dc ground. The 
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grid ring at the base of the tube provides 
a low-inductance path between the grid 
element and the chassis. Plate and grid 
currents are measured in the cathode-
return lead; a 12-volt, 50-watt zener 
diode in series with the negative return 

ly burn open. 

input circuit 
The cathode input matching circuit is 

a T-network which matches a 50 ohm 
termination to the input impedance of 

fig. 2. Structural details of the amplifier show the relative size and position of the various 
components. Assembly is made of aluminum panels. 

sets the desired value of idling current. 
Two additional diodes are shunted across 
the meter circuit to protect the instru-
ments. 

Standby plate current of the 8877 is 
reduced to a very low value by the 
10,000-ohm cathode resistor; this resistor 
is shorted out when the vox circuit is 
energized, permitting the tube to operate 
in normal fashion. 

A 200-ohm safety resistor insures that 
the negative power circuit of the ampli-
fier does not rise above ground potential 
if the positive side of the plate-voltage 
supply is accidentally grounded. A second 
safety resistor across the 1N 33.11 zener 
diode prevents the cathode potential 
from rising if the zener should accidental-

the tube (about 54 ohms in parallel with 
26 pF). The network consists of two 
series-connected inductors and a shunt 
capacitor. One inductor and the capacitor 
are variable so the network is able to 
cover a wide range of impedance trans-
formations. 

The variable inductor (L1) is mounted 
on the rear wall of the chassis and may be 
adjusted from the rear of the amplifier. 
The input tuning capacitor (C2> is adjust-
able from the front panel. When the 
network has been properly tuned no 
adjustment is required over the 4-MHz 
range of the 2-meter band. 

Underchassis layout of components is 
shown in the photograph. The cathode 
input circuit is in center compartment. 
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The slug-tuned coil in the input matching 
circuit is mounted on the rear wall. 
Air-wound filament chokes are placed in 
front of the socket. The cathode-heater rf 
choke is near the top edge of the enclo-
sure. All of the cathode leads of the 

mechanism are placed in the area between 
inclosure and panel. 

plate circuit 
The plate circuit of the amplifier is a 

transmission-line type resonator. The line 

T o p view of amplifier showing plate compartment. 8877 tube is at center with plate lines on each side. 

socket, plus one heater pin (pin 5} are 
connected in parallel and driven by the 
input matching network. 

The ceramic socket for the 8877 is 
mounted one-half inch below chassis level 
by spacers. Four pieces of brass shim 
stock (or beryllium copper) are formed 
into grounding clips to make contact to 
the control grid ring. The clips are mount-
ed between the spacers and the chassis. 
The aluminum clamps holding ends of 
plate lines are visible in the side compart-
ments. The filament transformer and dial 

(L5 plus L6) is one half-wavelength long 
with the tube placed at the center (fig. 2). 
This type of tuned circuit has several 
advantages. A quarter-wave circuit would 
normally be preferred because of its 
greater bandwith, but I wanted to use 
easily obtainable standard copper water 
pipe as the center conductor of the 
transmissionline tank circuit. The result-
ing high-impedance transmission line 
would make a quarter-wave plate tank 
circuit physically short and difficult to 
handle. 
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In addition, the heavy rf current that 
flows on the tube seals and control grid 
would, in the process of charging up the 
output capacitance to the plate voltage 

this type of cavity is complex and diffi-
cult to build, 

A practical compromise is to use two 
quarter-wave lines connecting to opposite 

fig. 3. Variable plate portion of plate-tuning capacitor C3. This arrangement permits the capacitor to 
be adjusted under fuit power without "jumpy" tuning at there are no moving or sliding contacts 
which carry heavy rf current. 

swing, tend to concentrate on one side of 
the tube if a single-ended quarter-wave 
circuit were used. This current concentra-

t e s of the tube. It is interesting to note 
that each of the two quarter-wave lines is 
physically longer than if only one quar-

tion would cause localized heating of the 
tube. The best tuned circuit configuration 
to minimize this effect is a symmetrical 
cylindrical coaxial cavity. Unfortunately, 

ter-wave line were used. This is because 
only one-half of the tube output capaci-
tance loads each of the two lines. 

Resonance is established by a moving 
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plate capacitor (C5); antenna loading is 
accomplished by a second capacitor (C6) 
placed at the anode of the 8877. Output 
power is coupled from the plate circuit 
through the series capacitor into a 
50-ohm output. In the top-view photo 
tuning capacitor C5 is at the front of the 
compartment; variable loading capacitor 
C6 is at the rear. The plate choke is 
visible in the front corner. 

construction 
The two-meter amplifier is built in an 

enclosure measuring 10% x 12 x 6% 
inches. The 8877 socket is centered on a 
6 x 6 subchassis plate. A centrifugal 
blower forces cooling air into the under-
chassis area; the air escapes through the 
2-5/8-inch diameter socket hole. 

The plate tuning mechanism is shown 
in fig. 3. This simple apparatus will 
operate with any variable plate capacitor, 
providing a back and forth movement of 
about one inch. It is driven by a counter 

Rear of amplifier showing blower and 
coaxial output connector. Amplifier is 
upside down in this photograph. 

inductance beryllium-copper or brass 
shim stock which provides spring tension 
for the drive mechanism. 

The variable output coupling capacitor 

dial and provides a quick inexpensive and 
easy means of driving a vhf capacitor. The 
ground return path for the grounded 
capac i tor plate is through a w i d e low-

fig. 5. Anode clamp assembly for the 
two-meter linear amplifier. 

is located at the side of the 8877 anode. 
The type-N coaxial fitting is connected to 
the moveable plate of the coupling capa-
citor. The fitting is centered in a special 
tubular assembly which allows the whole 
connector to slide in and out of the 
chassis, allowing the variable plate of the 
coupling capacitor to move with respect 
to the fixed plate mounted on the tube 
anode clamp. When the final loading 
adjustment has been set the sliding fitting 
is clamped by an arrangement similar to 
the slider on a variable wire-wound resis-
tor. 

The length of the plate-line inductors 
(L5 and L6) is adjusted by means of dural 
blocks placed at the shorted end of the 
line (fig. 4). The position of the blocks is 
determined by setting capacitor C5 at its 
owest value and adjusting line lengths so 
that that plate circuit resonates at 148 
MHz with the 8877 in the socket. 

The plate rf choke is mounted be-
tween the junction of one plate strap and 
a pair of the dual blocking capacitors; the 
high-voltage feed-through capacitor is 
mounted to the front wall of the plate 
compartment. The blocking capacitors 
are rated for rf service, and inexpensive 
tv-type capacitors are not recommended 
for this amplifier. A short chimney to 
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direct cooling air from the socket through 
the anode of the 8877 is made from 
Teflon and clamped between the chassis 
deck and the anode strap.* 

operation 
Amplifier operation is completely 

stable with no parasitics. The unit tunes 
up exactly as if it were on the "dc 
bands." As with all grounded-grid ampli-
fiers excitation should never be applied 
when plate voltage is removed from the 
amplifier. 

The first step is to grid-dip the input 
and output circuits to near-resonance 
with the 8877 in the socket. A swr meter 
should be placed in series with the input 
line so the input network may be adjust-
ed for lowest swr. 

Tuning and loading follows the same 
sequence as any standard grounded-grid 

amplifier. Connect a swr indicator at the 
output and apply a small amount of rf 
drive. Quickly tune the plate circuit to 
resonance. The cathode circuit should 
now be resonated. The swr between the 
exciter and the amplifier will not neces-

table 1. Performance data for the 144-MHz 
power amplifier under the conditions most 
suitable for amateur ssb (2000 watts PEP) and 
cw (1000 watts). 

Plate voltage 3000 V 2500 V 
Plate current (single tone) 667 mA 800 mA 
Plate current (idling) 54 mA 44 mA 
Grid voltage -12 V -12 V 
Grid current (single tone) 46 mA 50 MA 
Power Input 2000 W 2000 W 
Power output 1240 W 1230 W 
Efficiency (apparent) 62 % 62 % 
Drive power 47 W 67 W 
Power gain 13.8 dB 12.6 dB 

2500 V 
400 m; 

44 rrW 
-12 V 
28 m> 

1000 W 
680 W 

68 % 
19 W 

15.5 dB 

Underchassis view of the two-meter 
amplifier. The cathode input circuit is in 
the center compartment. Plate lines are 
visible in the side compartments. 

sarily be optimum. Final adjustment of 
the cathode circuit for minimum swr 
should be done at full power because the 
input impedance of a cathode-driven 
amplifier is a function of the plate cur-
rent of the tube. 

Increase the rf drive in small incre-
ments along with output coupling until 
the desired power level is reached. By 
adjusting the drive and loading together it 
will be possible to attain the operating 
conditions given in the performance chart 
in table 1. Always tune for maximum 
plate efficiency: maximum output power 
for minimum input power. It is quite easy 
to load heavily and underdrive to get the 
desired power input but power output 
will be down if this is done. 

I would like to thank K6DC for his 
help in adjusting and determining the 
operating conditions for this two-meter 
amplifier. 

'Detailed drawings of the anode clamp, plate 
resonator and blocking capacitor assembly, and 
variable plate tuning capacitor (C5) are avail-
able from R. Sutherland, E I M A C Division of 
Varian, 301 Industrial Way, San Carlos, Califor-
nia 94070. Ask for drawing numbers 168658, 
168648 and 168647. 

references 
1. R. Sutherland, W6UOV, "Two Kilowatt 
Linear Amplifier for Six Meters," ham radio, 
February, 1971, page 16. 
2. R. Barber, R. Rinaudo, W. Orr, R. Suther-
land, "Modern Circuit Design for V H F Trans-
mitters," CQ, November, December, 1965. 
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Fixed-frequency amateur operation has 
become very popular during the last few 
years. One reason is the availability of 
commercial fm gear which can be con-
verted easily to the vhf amateur bands. 
When using this equipment it's customary 
to pick a popular channel and monitor it 
for activity. This has the advantage that 
at any one time there will usually be a 
large number of local hams listening to 
the channel; to establish contact it is only 
necessary to give a short call. 

While this type of fm operation may 
seem ideal it presents some problems. For 
example, a channel that is popular in one 
area may not be popular in another area. 
A mobile operator who is active on one 
channel has little chance of making con-
tacts in another area where another 
channel is normally used. Furthermore, a, 
channel which is popular one month may 
not be in vogue next month. Also, in a 
particular area you may find fm activity 
on a number of different channels. With-
out a large number of receivers, or a 
channel scanner, it's practically impos-
sible to keep track of all the activity. 

The four channel scanner described 
here can be used to monitor up to four 
channels in sequence. The scanner looks 
at each channel individually for 100 
milliseconds. If there is no activity the 
scanner goes on to the next channel. This 
process continues until activity is en-
countered, at which time the scanner 
locks onto the active channel. It remains 
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table 1. Parts list for CS-4 channel scanner. 

qty i tem price source 

1 pr in ted-c i rcu i t board $3 .50 (undr i i led) A l t o n I ndustries, 7471 T h u n d e r b l r d Rd., 
4 .50 (dr i l led) L iverpoo l , New Y o r k 13088 

1 SN7473 IC 1.00 

1 S N 7 4 0 0 IC .50 

1 u n i j u n c t i o n transistor .30 

1 2 N 3 8 1 9 fe t .50 

10 npn small-signal 2.38 
si l icon transistors 

4 2 N 3 6 4 1 1.19 

5 small-signal si l icon .02 
diodes 

24 resistors 2.40 

1 2-/1F capaci tor .40 

1 150-fJF capaci tor .60 

$12 .79 

Gateway Electronics, 6150 Delmar 
Blvd., St . Louis , Mo. 63112 

same as SN7473 

Radio Shack, 4 for $1 .19 

Poly Paks, P. O. Box 942 , Sou th L y n n f i e l d 
Mass. 01940, 2 fo r $1 .00 

Radio Shack, 15 for $1.19 

Radio Shack, 4 fo r $1 .19 

Poly Paks, 40 for $1.00 

Radio Shack, etc. 

Radio Shack, etc. 

Radio Shack, etc. 

locked on the active channel until manu-
ally released, or activity stops. 

When designing the scanner I wanted 
to develop a reliable unit which could be 
built easily at low cost. These goals have 
been met; the scanner can be built for less 
than $13 if all parts, including the 

printed-circuit board, are purchased new. 
The unit can be completely assembled in 
3 or 4 hours. In addition, the channel 
scanner, which I call the CS-4, can be 
connected to many of the fm transceivers 
on the market without making major 
modifications. 

fig. 1. (Left ) Vhf f m channel scanner. Lamps 
are 6, 12 or 24-volt, 2 0 0 mA maximum; voltage 
V|_ is proper voltage for selected indicator 
lamps. 

Q2,Q4,Q5,Q7, npn small-signal transistor 
Q8 ,Q10 ,Q11 , (Radio Shack 276B590) 
Q13 ,Q14 ,Q16 

Q3 

R1 

U1 .U2 

U3 

un i j unc t i on t ransistor (Radio 
Shack 276B111) 

op t i ona l 2-meg resistor (see 
t ex t ) 

part o f Texas Ins t ruments 
S N 7 4 7 3 dual J -K f l i p - f l op 

Texas Ins t ruments S N 7 4 0 0 
quad dual - input gate 

BASE i 
03 

COLLECTOR 
04 

PINS 11,13 
U1 

PINS 8,9 
UZ 

PINS 3,6,8,11 
U 3 

COLLECTOR 
05 

fig. 2. Typical waveforms of the channel scanner. 
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The CS-4 is built around two inexpen-
sive integrated circuits: the Texas Instru-
ments S N 7 4 7 3 dual JK flip-flop and 
S N 7 4 0 0 quad dual-input A N D gate. The 
dual JK flip-flop counts to four using two 

the scanning rate is about 100 ms per 
channel. This rate seems adequate. How-
ever, if you want a different scanning rate 
the 2 fxf capacitor may be changed; 
lowering the value will increase the scan-

USASI£ CHANNEL SWITCH 
fOAC FOR EACH CHANNEL) 

TO SWITCHED 
CIRCUITS 

NON-SCANNED 

TO P T T HIKE 

fig. 3. Channel scanner installation at W2FPP's station. 

binary bits for the count. The quad 
dual-input gate separates the counts of 
the two binary bits into four separate 
outputs. The four separate outputs drive 
discrete transistors which in turn drive 
the lamps and the diode or transistor 
switches for each channel. Lamp drivers 
and diode or oscillator drivers must be 
used since the S N 7 4 0 0 will not handle 
the required voltage or current. Although 
an additional IC could have been used, 
one designed for output driving, discrete 
components were chosen to keep cost to 
a minimum. 

Since the scanner is built around a 
counting circuit it's necessary to provide 
a source of pulses to be counted. A 
variety of circuits were tried, and most of 
them worked well; the unijunction circuit 
as shown in fig. 1 proved to be the least 
expensive. With the components specified 

ning rate. If the scanning rate is too fast, 
however, the scanner will not lock since 
signal detection in the receiver may not 
occur rapidly enough. 

The output of the unijunction clock 
circuit is fed into an npn transistor 
operating in the saturated mode. This 
transistor produces a large-amplitude 
negative-going pulse. The large negative-
going pulse drives the flip-flops. 

The channel-locking circuit was the 
result of considerable experimentation. 
Several problems were encountered: first 
was the problem of stopping the oscillator 
quickly; the second was how to get the 
receiver to stop it. One of the first 
approaches used an npn transistor with 
the emitter grounded and the collector 
connected directly to the emitter of the 
unijunction. A positive voltage caused the 
transistor to conduct, shorting the 
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emitter of the unijunction to ground, 
stopping the oscillator. However, this 
circuit had too much lag. 

With scanning rates less than one 
channel per second the lock circuit did 

fig. 4. In a typical tube-type squelch circuit the 
channel scanner is connected at point X. 

not react fast enough, so the scanner 
never locked. Although one channel per 
second may sound like a reasonable rate, 
it resulted in parts of a transmission being 
missed before lock occurred. This 
problem was corrected by using a small 
silicon diode, CR1, to isolate the emitter 
of the unijunction from Q2. This tran-
sistor switches the unijunction emitter 
from ground to +15 volts. 

Solving the problem of locking the 
receiver turned out to be fairly simple. It 
was only necessary to find a point in the 
receiver that had a marked voltage change 
between signal and no-signal. Two points 
used successfully were the grid of the first 
limiter and the derived squelch-voltage 
output. It is preferable to use the 
squelch-voltage output since it is immune 
to noise. The first limiter voltage fluctu-
ates with noise and will cause the scanner 
to lock in the presence of noise; this can 
be quite annoying. 

Although the input locking circuit in 
fig. 1 is designed to operate with a 
tube-type receiver that has a squelch 
voltage that ranges from slightly positive 
to several volts negative (with signal) the 
scanner can also be used with transis-

* Printed-circuit boards are available from Alton 
Industries, 7471 Thunderbird Road, Liverpool, 
New York 13088. Drilled boards are $4.50; 
undrilled boards, $3.50. Completely wired and 
tested channel scanners are $33.50. 

torized rigs that have positive squelch 
voltage or current. 

construction 
Construction of the scanner is simpli-

fied if you use the commercially-available 
printed-circuit board.* If you use the 
components shown in the table the scan-
ner can be built for less than $13. The 
npn transistors are not critical and virtu-
ally any small signal silicon types in your 
junk box will work. The integrated cir-
cuits are not critical either. The only 
criteria is that they be of the TTL variety, 
designed for a 5-volt power supply. If 
other ICs are used it will probably not be 

t-ISV 
o— 

SOUCLCH 
INPUT Ftl 
o vw 

fig. 5. Channel scanner modification for use in 
solid-state fm receiver where signal voltage goes 
positive with signal. Q1, the 2N3819 fet input 
stage, is omitted. For value of isolation resistor 
R1 see text. 

possible to use the commercial printed-
circuit board since the pin connections 
will probably be different. 

I recommend that you build one stage 
at a time and check it out before going 
further. With this step-by-step construc-
tion procedure it is easy to uncover 
possible problems. The unijunction oscil-
lator stage should be built first. This 
circuit can be checked with an oscillo-
scope. The waveforms in fig. 2 will help if 
you run into problems. If you don't have 
these waveforms check to see that all 
parts are wired correctly; then try parts 
substitution. 

After the oscillator is working proper-
ly build the locking stages, Q1 and Q2. 
When a negative voltage of several volts is 
applied to the input of Q1 the oscillator 
should stop. Since the gate of Q1 will 
hold a charge for some time it may be 

/S1 I ? ISOuF 

h M 

S2 

100• 

02 
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necessary to wire an external 2.2 meg 
resistor from the squelch input to ground 
when testing the unit on the bench. After 
the locking stages are working the remain-
ing portions of the scanner can be built. 
The waveforms in fig. 2 should help in 
diagnosing any problems. 

installation 
The scanner installation at my station 

is shown in fig. 3. This circuit permits 
either manual or automatic operation by 
merely throwing a switch. 

The squelch input to the scanner can 
be obtained from a typical tube-type 
transceiver as shown in fig. 4. If this is 
not possible the scanner squelch input 
should be connected to the grid of the 
first limiter stage. The 2-megohm resistor 
from the gate of Q1 is needed only if the 
scanner lock signal is taken from the first 
limiter. 

If the fm receiver is a transistorized 
unit that does not have a voltage that 
goes from zero to at least 2 volts negative, 
the scanner must be modified slightly. 
Using a vtvm, find a spot in the receiver 
squelch circuit which shows a marked 
voltage change with the presence of a 
signal. If the voltage goes from zero to 
positive from no signal to signal, apply 
this voltage directly to the base of Q2 
through an isolation resistor (fig. 5). 

If the voltage goes from positive to 
zero from no signal to signal, then the 
input to the scanner should be modified 
as shown in fig. 6. In this case, Q1 is 

SQUELCH 
INPUT R, 

fig. 6. Channel scanner modification for use 
with solid-state f m receiver where signal voltage 
goes from positive to zero with signal. The fet 
input stage is replaced with an npn small-signal 
transistor. F o r value of isolation resistor R1 see 
text. 

replaced by a junkbox npn silicon bi-
polar. The isolation resistor R1 is deter-
mined experimentally by selecting a value 
which will lock the scanner, but not 
affect receiver operation. 

FROM 
OSCILLATOR 

FROM 
OBCILLATOR 

_ t 

m 

CRYSTAL 
T 
I 

- t 

m 

UNMODIFIED OSCILLATOR 

n sv 
o— 

MODIFIED OSCILLATOR 

TV 
OSCILLATOR 

O 

o 
SCANNER 

INPUT 

TRANSISTOR OSCILLATOR 
SWITCH 

TV CATHCOE 
Of OSCILLATOR 
(300V MAX/ 

-O 

VACUUM-TUBE 
OSCILLATOR SWITCH 

® 
fig. 7. Methods of connecting the channel 
scanner to the receiver local oscillator stages. 
Typical modified and unmodified oscillator 
stages are shown in (A) and (B). Circuit for 
switching transistor oscillators is shown in (C) ; 
(D) is circuit for switching cathodes of 
vacuum-tube oscillator stages. Diodes in (B) are 
small-signal silicon. 

To connect the scanner to the oscil-
lator stages in the fm receiver the circuits 
must be modified slightly. One of the 
oscillator circuit modifications in fig. 7 
should work with your receiver. 

Two supply voltages are required for 
the scanner, +5 volts and +15 volts 
(nominal). The +5-volt supply is critical 
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and should be obtained from a regulated 
source. The nominal +15 volts may be 
anywhere from 12 to 18 volts. 

using the scanner 

To start scanning, all channel switches 
should be on, the scan-auto switch should 
be to scan and the delay switch to out , 
The channel scanner should begin scan-
ning immediately. As soon as a signal 
appears on one of the four channels the 
scanner will lock. With the delay switch 
out, the scanner will start scanning again 
as soon as the signal on the channel 
disappears. In this mode you can keep 
track of activity on other channels during 
transmission breaks. 

If you want to monitor both sides of a 
QSO turn the delay switch on. In this 
mode the scanner will remain on a given 
channel for several seconds after the 
activity ceases. This prevents switching 
and locking on another active channel 
during transmission breaks. 

With the delay switch out the scanner 
will resume scanning for one scan if the 
release button is pressed when the scan-
ner is locked to a channel. To transmit 
the scanner lock switch must be turned 
on. This locks the scanner on the active 
channel and the push-to-talk line is con-
nected to the mike. You can get the same 
results by switching to manual. The 
manual position is used so that more than 
four channels may be used. At my station 
the transmit and receive oscillators for a 
given channel are tied to a single control 
line. When the scanner locks I am ready 
to transmit after setting the lock switch. 
By running the push-to-talk line through 
this switch the transmitter cannot be 
activated while scanning. If you operate 
the scanner while transmitting you'll get 
100-ms pulsed signals on four channels. 

summary 
The CS-4 channel scanner was de-

signed to provide a simple, low-cost fm 
scanner that could be installed with little 
difficulty. Many of these units are now in 
operation in central New York State with 
excellent results. 
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IO D E S 
STUD-

TOP-HAT EPOXY EPOXY MOUNT 
PIV 1.5 AMP 1.5 AMP 3 AMP 6 AMP 

50 .04 .06 .12 .15 
100 .06 .08 .16 .20 
200 .08 .10 .20 .25 
400 .12 .14 .28 .50 
600 .14 .16 .32 .58 
800 .20 .40 .65 
1000 .24 .48 .75 

6 Foot Gray Lino Cord. UL Approved. Very 
nice. 404 «a. ppd 

CDE TYPE WMF MYLAR CAPACITORS 
ALL 100 VOLTS 

.033 Mfd @ 100 V 81 ea or 14 for $1.00 
.22 Mfd @ 100 V 101 *a or 12 for $1.00 
1.0 Mfd @ 100 V 25? ea or 5 for $1.00 _ _ 

Disc Ceramic Capacitors. Very Small — About l/2" Diameter. All Full Leads. 
.01 MFD @ 500 Volts 
.015 MFD @ 500 Volts 

Your Choice! 20 for $1.00 ppd. 

Tl 1N914 Silicon Diodes. 16 for $1.00 ppd. 

1N4004 Silicon Diodes 18tf each 

100 MFD 
Capacitors. 

@ 25 Volt P.C. Board Type 
5 for $1.00 ppd. 

JAN 1N270 Germanium Diodes 
5 for $1.00 ppd. 

NEW 
Dipped Mylar Capacitors. 
.1 MFD @ 100 Volts 
.15 MFD @ 100 Volts 
.22 MFD @ 100 Volts 

Your Choice! 16 for $1.00 ppd. 

Back In Stock! 
.1 MFD @ 50 Volt Dipped 
Mylars. 20 for $1.00 ppd. 

Dipped Capicitors. All 200 Volts. 
Your Choice 20 for $1.00 

.033 MFD @ 200 Volts 

.02 MFD @ 200 Volts 

.22 MFD @ 200 Volts 

2N3055 Transistor $1.50 each or 3 for $4.00 

Unmarked Germanium Diodes, similar to 1N34. 
25 for $1.00; 100 for $3.00 

SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6 % State sales tax 

ALL ITEMS PPD. USA 

M. WEINSCHENKER K3DPJ 
BOX 353 . IRWIN, Pa. 15642 
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More often than not, a good vhf receiving 
system is determined not by what it 
receives, but by what it rejects. The 
congestion of radar, radio positioning, 
and mobile services near amateur vhf 
bands often leads to distressing image 
problems. Many low-noise, transistorized 
receiving systems can be rendered near-
useless because of a strong image signal 
from a station far removed from the 
amateur band. 

On the other hand, spurious signals 
from improperly adjusted or poorly de-
signed amateur transmitters can, and do, 
cause interference to other vhf services. 
Unwanted signals are everybody's 
problem. Such signals in the coaxial 
transmission line can be attenuated more 
than 30 dB by using dual stubs, one for 
unwanted signal rejection and the other 
to correct line impedance. These stubs are 
well worth trying, as they are inexpensive 
and they work! When interference is 
confined to a discrete range of frequen-
cies, this high-Q coaxial filter will do an 
outstanding job of interference rejection. 

the dual coaxial filter 
The dual coaxial filter is shown in fig. 

1. It works well between 20 - 250 MHz 
and has often been used in commercial 
mobile and point-to-point equipments. 1 '2 

Two stubs are used. One, /•] is for signal 
rejection at the unwanted frequency; and 
another, l2t is for impedance correction 
at the operating frequency. 

The stubs are made from lengths of 
coaxial line. For low power (under 100 
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wat ts ) and for receiving systems, 
RG-58A/U may be used. Transmitting 
systems should use the heavier RG-8A/U 
line. These two lengths of coaxial l ine,/ f 
and l2 f properly adjusted, provide good 
filtering as shown by the unwanted-signal 
rejection plot of fig. 2. For a frequency 
change from the design frequency of one 
percent (1.4 MHz at 144 MHz), the dual 
filter offers better than 25-dB rejection to 
the unwanted signal. Tuned "on the 
nose," filter rejection is somewhat better 
than 32 dB. 

operation 

The rejection stub, /-j is an electrical 
half wavelength at the rejection fre-
quency. The impedance-correction-stub 
length, l2 t may vary from near-zero to an 
approximate electrical half wavelength at 
the operating frequency, as discussed 
later. Both stubs are placed in parallel 
across the coaxial transmission line at one 
point (preferably near the equipment) 
and are shorted at the far ends. 

Since the rejection stub is one-half 
wavelength at the rejection frequency, its 
impedance across the coaxial line at this 
frequency is close to zero, effectively 

fig. 1. Dual coaxial stub filter made of 
shorted segments of transmission line 
shunted across regular transmission line. 
Presence of rejection stub is neutralized by 
impedance-correction stub. 
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-to -s o *s -no 

PERCENT CHANGE FROM 
REJECTION FREQUENCY 

fig. 2. Attenuation characteristic of the dual 
coaxial stub filter. A single unwanted frequency 
may be attenuated as much as 33 dB by this 
simple filter, which offers over 25 dB attenua-
tion at a frequency one percent removed from 
center frequency. 

bypassing this frequency to ground. How-
ever, at the operating frequency, the 
rejection stub is not a shorted half-wave-
length section and therefore presents 
either capacitive or inductive reactance to 
the transmission line. The unwanted reac-
tance is compensated by adding the im-
pedance-correction stub, which presents 
an equal and opposite reactance at the 
operating frequency. 

The length of both stubs depends 
upon the operating frequency and the 
relationship between this frequency and 
the rejection frequency, as illustrated in 
fig. 3. For example, assume the operating 
frequency, f 0 , is 146 MHz and the rejec-
tion frequency, fx, is 118 MHz, a not 
u n c o m m o n relationship. The ratio 
118/146 is 0.81/ This falls on the x-axis 
of the lower chart between 0.75/and 1/ 
The curve shows that, in this example, 
the reactance presented by the rejection 
stub to the line is inductive; and the 
upper curve shows that the impedance-
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correction stub should present a capaci-
tive reactance at the operating frequency, 
thus balancing the effect of the rejection 
stub at the operating frequency. 

adjustment 
Shown in fig. 4 are approximate 

lengths for the stubs, as computed for 
solid dielectric cable having a velocity 
factor of 0.66. For the example, the 
rejection stub, /-|( is an electrical half 
wavelength at the rejection frequency of 
118 MHz, or a little less than 40 inches 
long. A length of line a few inches longer 
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fig. 4.Correction and rejection stub lengths. Left-hand scale is used with fig. 3 to approximate the 
length of correction stub, since the stub is longer or shorter than a quarter wavelength at some 
frequencies. Right-hand scale is used for rejection-stub length. 

REJECTION FREQUENCY AS (. FUNCTION 
OF OPERATING FREQUENCY 11) 

fig. 3. Reactance of rejection and correction 
filters as the ratio of rejection-to-operation 
frequency is varied. Net reactance of both 
filters at the operating frequency is zero. 
Sample filter for a rejection ratio of 0 . 8 I f is 
discussed in the text. 

than this should be connected across the 
transmission line as shown in fig. 1. The 
stub may be adjusted to the rejection 
frequency with a grid-dip oscillator by 
placing a small loop at the unshorted end 
and trimming the shorted end for 
resonance. 

Even easier, a signal at the unwanted 
frequency may be injected into the exist-
ing transmission line. Using a needle, the 
inner conductor of the stub is shorted to 
the outer conductor at various points, 
starting from the end of the stub and 
working toward the transmission line. 
The short is advanced about one-half inch 
at a time until the position of greatest 
attenuation of the unwanted signal is 
found. The line is permanently shorted at 
this point. This is best done by removing 
a short slug of the inner insulation and 
collapsing the outer shield around the 
center conductor and soldering it all 
around. 

The impedance-correction stub, l2t is 
now added. For various ratios of rejec-
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tion-to-operating frequency, the length of 
this stub may vary from near-zero to 
about one-half wavelength. For an oper-
ating frequency of 146 MHz, a quarter 
wavelength in the coaxial stub is about 17 
inches or less. If this stub were this 
length, it would present a very high 

SHIELD BOX 

UG-I06/U 
HOOD 

fig. 5. Typical assembly of vhf coaxial filter. 
Ends of coaxial lines are tinned and passed into 
brass box through UG-106/U hoods. Cable 
braid is soldered through holes in hood. The 
ends of the braid are jumpered together in the 
box with thin copper shim stock. 

impedance to the desired signal. However, 
according to fig. 3, the correction stub 
should present a capacitive reactance and 
must therefore be longer than one-quarter 
wavelength. As a starter, the stub is cut to 
one-half wavelength and progressively 
shorted with a needle as outlined for the 
rejection stub. In this case, however, 
tuning is done to produce the least 
attenuation of the desired signal; or in the 
case of the transmitting stub, the least 
value of swr on the transmission line. 

filter limitations 
If the rejection frequency happens to 

be 1/2, 1/4, or 1/8 the operating fre-
quency, the dual-stub filter cannot be 
used, as the rejection stub will be a full 
wave-length (or multiple thereof) at the 
operating frequency and will, therefore, 

present a near-short to the operating 
frequency as well as to the rejection 
frequency. On the other hand, if the 
undesired frequency happens to be twice 
or 3/4 the operating frequency, a correc-
tion stub will not be necessary since the 
rejection stub will be a quarter wave-
length (or three-quarter wavelengths) at 
the operating frequency and will present 
a high impedance at this point. 

construction 
As any wise vhf enthusiast knows, rf 

has a disconcerting habit of running wild 
and free in the vhf spectrum. Unless 
properly contained, the unwanted signals 
can pass freely around the dual coaxial 
filter, rendering it useless. This means 
that no antenna currents should flow on 
the outer surface of the shield of the 
coaxial line and the shield should not be 
broken at the junction of the filters and 
line. The best way of attaching the two 
coaxial stubs to the transmission line, 
therefore, is to make up a small box of 
brass stock and mount a coaxial hood on 
the box for each cable, as shown in fig. 5. 
This makes an rf tight enclosure and helps 
keep the rf where it belongs. 

references 
1. Ramo and Whirinery, "F ie lds and Waves in 
Modern Radio," Section 10.11, Wiley & Sons, 
Inc., New York. 
2. Craig, " A Coaxial Stub Fi l ter," Electronics, 
June, 1951. 
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easy-to-build 
integrated-circuit 

function generator 

This easy-to-build 

function generator 

uses one IC 

to provide both 

square and 

triangular waveforms 

up to 1 MHz 

A function generator is a specialized 
signal generator normally used for testing 
complex electronic equipment; output 
signals include sine, cosine, square and 
triangular waveforms. As you might im-
agine, the electronic components neces-
sary to generate this array of waveforms 
is rather complex. However, there is now 
an integrated circuit available that gener-
ates both square and triangular waves. 

The new Signetics NE566 IC is a 
voltage-controlled oscillator that pro-
duces a highly accurate square wave and a 
very linear triangular wave up to 1 MHz. 
It can be used in tone generators, fre-

quency-shift keyers, fm modulators, 
clock generators and signal generators. 
The output frequency is extremely stable. 

frequency 
The oscillation frequency is determin-

ed by the bias voltage on the control 
terminal (pin 5) and two external compo-
nents, R1 and C1 (see fig. 1). The voltage 
at pin 5, as referenced to the positive 

The Signetics NE566 function-generator IC 
contains 21 transistors, 10 diodes and 16 
resistors. 
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CI (UF) 

1 
0.1 
0.01 
0.001 
100 pF 

m VJL, 
BOTTOM VIEW 

frequency range (Hz) 

14 — 

125 — 
1250 — 

12500 — 
125k — 

125 
1250 

12500 
125k 
1 MHz 

fig. 1. Basic function generator using the 
Signetics N E 5 6 6 T . Frequency is determined by 
R1, CI , and the bias voltage on pin 5. 
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fig. 2. Normalized frequency output as a 
function of control voltage (control 
voltage is measured between pin 5 and 
pin 8). 

3 0 

voltage supply at pin 8, must be greater 
than 0.75 volt, but less than the positive 
supply (24 volts maximum). In fig. 1 the 
control voltage is set by the voltage-divid-
er resistors, R2 and R3. 

Output frequency vs control voltage is 
plotted in fig. 2. Normalized frequency is 
used on the vertical scale to provide 

maximum usefulness. This means simply, 
that, if the oscillator frequency is 1000 
Hz (with 1.5 volts bias), with 3 volts bias 
the output frequency will be approxi-
mately 1800 Hz. As you can see from this 
graph the integrated circuit can be modu-
lated by the control voltage over a wide 
range with excellent linearity. A modu-

so» 

$2 SOl> 
I 

tot 

\ 
\ 

\ j 
\ 

V 
\ V sj 

\ 

01 02 05 10 SO SO 

NORMALIZED FREQUENCY 

fig. 3. Normalized frequency output as a 
function of resistor R1 (with control volt-
age - 2 volts). 
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fig. 4. Frequency as a function of capacitor 
CI (with R1 = 10k, control voltage = 2 
volts). 
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lating signal can be ac coupled to the 
device through capacitor C2 in fig. 1. 

Resistor R1 and capacitor C1 also 
determine output frequency. By proper 
selection of these two components the 
frequency may be set at any point up to 
1 MHz. Once set, frequency drift is 
negligible at room temperature. Resistor 
R1 should be in the range between 2000 
and 20k ohms. Its affect on output 
frequency is plotted in fig. 3. Note that 
normalized frequency is again used in this 
graph, with a normalized value of 1.0 
when R1 = 10k. The value of C 1 vs 
frequency is shown in fig. 4; this graph is 
based on 10k resistance at R1. 

To show the use of figs. 3 and 4 let's 
choose values for R1 and C1 that will 
provide an output of 3000 Hz. First go to 
fig. 4 — 3000 Hz coincides with about 
0.007 /jF capacitance, a rather unordi-
nary value. Choose the closest standard 
value, 0.01 t i f . This moves the frequen-
cy down to about 2200 Hz. 

If you read the fine print in the 
caption of fig. 4 you'll see that this 
capacitor is based on a 10k resistance at 
R1. To bring the frequency up to 3000 

quency scale you find the required resist-
ance value to set the output frequency at 
3000 Hz; approximately 8000 ohms. 

practical circuits 

If the output frequency is off slightly 
when you build the circuit, you can add 
parallel trimming resistors to set the 

OW2V 

- o J U l 

(l—iuseto ^ ^ ? 

m 

f i g . s . Variable-frequency function 
generator covers the frequency range up 
to 1 MH2. 
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fig. 6. Plus and minus supply voltages put the 
square wave output at the proper dc level for 
driving logic circuitry. R T L logic may be driven 
directly; D T L and T T L logic require 5000-ohm 
resistor connected to the negative supply. 

Hz use a slightly lower resistance as 
shown in fig. 3. To find the necessary 
multiplication factor, divide 2200 into 
3000; this gives a factor of 1.35. Entering 
fig. 3 at 1.35 on the normalized fre-

output frequency exactly. Or, if you want 
a variable frequency output, you can re-
place R1 with a potentiometer. A typical 
circuit is shown in Fig. 5. In this circuit 
capacitor C 1 is selected by switch S I . 
Five capacitors will provide nearly com-
plete coverage form about 20 Hz to 1 
MHz. 

When building this unit be sure to 
include the 0.001 capacitor between pins 
5 and 6 of the integrated circuit (with 
short leads). This provents oscillation of 
the internal IC circuits. 

The N E 5 6 6 T is a natural choice for 
driving standard IC logic circuitry. If you 
use the dual ±5-volt power supply as in 
fig. 6 the square-wave output will have 
the proper dc level for driving directly 
R T L logic. For D T L or T T L logic con-
nect a 5000-ohm resistor between pin 3 
and the negative supply voltage. 

ham radio 
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low-cost 
instant 

printed-circuit boards 

Here's a 

simple technique 

for building 

printed-circuit boards 

for all your 

experimental projects 

Is-0 
CM o> 
(0 
1 

ro U 

5s 

c 
to 

GO 

0) 
<D w 
CO 
> 

o § 
CO 
® 

8 

a 
s g 

s= 
3 

CO 

•8 
I— 

The construction of electronic gear on a 
printed-circuit board presents a problem 
if a printed-circuit layout is not available. 
Breadboard assemblies for test prior to 
printed-circuit production, or one-time 
projects are examples of construction 
where it's hard to justify building a single 
printed circuit. 

Instant tie points can solve most of 
these problems. By cutting a small ring 
through the copper surface of the cop-
per-clad circuit board a small disc of 
copper remains which is firmly attached 
to the board but is electrically insulated 
from the rest of the sheet. These in-
sulated discs make excellent tie points for 
connecting two or more component leads 
together. The tie points are very strong 
and, therefore, well suited for mounting 
components that can be supported with 
their own leads. Transistors, resistors, 
fixed or variable capacitors, inductors, 
crystal sockets, wire leads to external 
components and many other items can be 
soldered to these insulated discs. For 
example, three insulated discs, grouped 
close together, provide an excellent 
mounting base for a transistor and re-
sistor, capacitor or other component. 
Terminals or pigtails that connect to 
ground are soldered to the copper surface 
of the circuit board without cutting a 
circular groove. 
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cutting tool 
The best part of this construction 

technique is that the saw that cuts the 
ring in the copper surface can easily be 
made at home. Several different sizes, for 
producing large or small insulated discs, 
are handy. However, a description of the 
saw I use most often will serve as a guide 
for making other sizes. 

A 2- or 3-inch length of mild steel rod, 
1/4-inch in diameter, is the only material 
required. If necessary, true up one end of 
the rod by turning it in a lathe. If a lathe 
is not available, careful work with a hand 
file is an acceptable substitute. Bore a 
shallow hole in the end of the rod using 
a number 3 drill. This forms a cup 
in the end of the rod with a narrow 
rim. Now make two hacksaw cuts across 
the face of the cup, 90 degrees apart. File 
away the metal between adjacent saw 
cuts on a slant to form saw teeth; be sure 
the slant is in the direction that results in 
the cutting edge of each tooth being 
headed in the right direction when the 
tool is rotated in a drill press. 

To use the cutting tool, chuck it in a 
drill press. Center the saw over the spot 
on the circuit board where the tie point is 
required. Cut through the copper surface 
and slightly into the insulating material of 
the board. Practice using the tool on 
scrap material to get the feel of it before 
attacking a project. If your saw is not too 

sharp it may leave a small burr on the 
copper surface. This may be smoothed 
out by rubbing the side of a round glass 
jar over the surface of the disc. 

This tie-point technique is very flexi-
ble. Where practical it pays to plan the 
layout of all components on the circuit 
board in advance of construction. The 
required tie points can then be located 
and cut before parts are mounted, thus 
speeding the assembly job. However, if a 
tie point is forgotten, or if you need more 
of them, insulated discs can be added at 
any stage of construction without dis-
turbing already installed parts. 

Larger pads are useful for big com-
ponents. This printed-circuit board is the 
same size as the transistor amplifier. 

Insulated printed-circuit pads are cut with small 
saws made from mild steel rod. 

Furthermore, the tie point technique 
has an unexpected advantage. Since the 
tie points can be located any place on the 
circuit board it is practical to mount 
components salvaged from surplus 
printed circuit boards. Such salvaged 
components usually have pigtails too 
short for reuse by other mounting 
methods. 

One other circuit board hint: After the 
circuit board is cut to size and its copper 
surface is cleaned and polished with steel 
wool or household cleanser, spray the 
surface with a thin coat of Kryion. The 
copper surface will stay bright for life and 
solder will still wet the board as if the 
Kryion were not there. 

ham radio 
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ac power-line 

monitor 

Simple 

high performance circuit 

provides highly accurate 

line-voltage monitor 

that requires 

no calibration 

During the hot weather that persisted 
from last summer through early fall, the 
locality where I live experienced several 
power brownouts. Not blackouts, but a 
lowering of the nominal 117 volts ac in 
order to supply badly needed kilowatts to 
the adjoining metropolitan area. The 
measured line voltage dipped from its 
usual value of 120 volts to the vicinity of 
110 to 112 volts. Air conditioners ran at 
reduced efficiency, lights dimmed some-
what and the automatic pin-spotter at the 
local bowling alley refused to function. 
Although some electrical appliances may 
not suffer from this sort of undervoltage 
it is a good idea to be able to read the line 
voltage with a higher level of accuracy 
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than is possible with the average multi-
meter, which may be off as much as 6 
volts (at 120 volts) and still be within 
tolerance. 

There are several commercial ac volt-
meters available for this purpose; most 
common is the iron-vane type. The better 
instruments are generally accurate to 2% 
of full scale. On a meter that reads 150 
volts full scale this implies an inaccuracy 
of 3 volts at a line voltage of 120 volts ac. 
Since most of these instruments are not 
easy to read at a glance some commercial 
users and laboratories have changed over 
to the exparided-scale voltmeter. Simpson 
makes a fine segmental voltmeter with a 
mid-scale accuracy of 1/2%, but the high 
cost puts it beyond the reach of most 
amateurs and experimenters. 

There are several electronic voltmeter 
circuits where the indicating meter reads 
all over-voltage above a certain standard. 
This standard or comparison voltage is a 
voltage-reference tube or zener diode. 
When properly calibrated the accuracy of 
such devices is in the neighborhood of 
3%. There are two drawbacks, however: 
most voltage-reference sources are tem-
perature dependent, and for reasonable 
accuracy the instrument should be cali-
brated with a laboratory standard. 

The ac line monitor shown in fig. 1 
neatly skirts these obstacles. It is simple 
and requires no calibration. In addition, 
the cost is lower than you might pay for 
an equivalent meter. 

Basic to this ac voltmeter is the use of 
a segmental scale voltmeter that reads 
from 18 to 36 volts dc. My meter, a 
Marion Electric type HS2 was purchased 
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new at a surplus store for slightly under 
$4.00.* An ordinary silicon rectifier 
diode is used to furnish approximately 54 
volts ac from the 120 volt line. Since the 
hermetically sealed Marion meter does 
not lend itself to easy modification I 
chose to use the 30-volt reading on the 
scale to correspond to 120 volts ac line 
voltage. The current drain at the 30-volt 
mark is 833 juA. (The 30-volt mark is 5/6 
of full scale or 83.3%; since the meter has 
a 1-mA meter (the usual type) current 
flow at 5/6 full scale is 833 juA. 

The value of multiplier resistor is 
determined with Ohm's law. Dropping 54 
volts dc (from the rectifier) to 30 volts 
requires 28.8 kilohms for a current of 

1/4 AMP 400 PtV 

• D ] — - M 1 

kt) 18-36 V 
•/(SEE TEXT) 

fig. 1. Circuit of the high accuracy ac line 
monitor. 

833 {xA. I used two parallel-connected 1% 
56k resistors in series with an ordinary 
1000-ohm resistor. The total resistance is 
very close to the desired value of 28.8k. 

accuracy 
Before talking about the performance 

of this simple instrument I'd like to 
explain some of the techniques used to 
insure that it will provide 1% accuracy 
without comparison to a lab standard. 

First the dc meter was connected in 
series with four other 1,000-ohms-per-
volt dc meters. One of these was a Weston 
741 mirror-scale meter, rated at 1% ac-

*The Marion Electric HS2, 2-1/2-inch round, 
18- to 36-volt dc meter is available for $3.95 
from Fair Radio Sales, Post Office Box 1105, 
Lima, Ohio 45802. A similar 18 to 36-volt 
Roller-Smith meter is available for $4 from 
Jeff-Tronics, 4252 Pearl Road, Cleveland, Ohio 
44109. 

curacy. Readings were taken at 3-volt 
intervals; then an identical run was made 
backward from full scale deflection of 36 
volts to 18 volts. Averages of the four 
other meters were tabulated; the readings 
of fhe expanded-scale Marion meter com-
pared closely to the other instruments. 
The maximum error was 1.25% of full 
scale and the average error was less than 
1%. After the instrument was completed 
ac accuracy was checked. A mirror-scale 
Simpson 261 vom was checked at 6.7 
volts against a meter of known accuracy, 
a precision mirror-scale laboratory type 
ac voltmeter (Weston 433). Since the two 
readings were in agreement the Simpson 
261 readings on the 0 to 10-volt ac scale 
were trustworthy. When switching to the 
250-volt ac range additional precision 
multipliers are used; however, the basic ac 
circuitry and accuracy remain essentially 
the same. When my meter was compared 
to the Simpson 261, it read 119 volts as 
opposed to the Simpson's 119.5 volts. 

You may wonder how such high ac-
curacy may be obtained from such a 
simple circuit. Through segmentation, it 
is possible to increase the absolute ac-
curacy of the original movement.1 Proper 
selection of the multiplier resistors will 
contribute to the retention of this en-
hanced accuracy. As with any homemade 
device care and forethought are important 
ingredients that will pay off in increased 
accuracy and dependability. 

The Marion meter movement is not 
highly damped. This allows a very slight 
flickering of the pointer but it is hardly 
noticeable. However, it has one definite 
advantage: Rapid excursions of the ac 
line voltage, not fully discernible with 
ordinary voltmeters, can be easily fol-
lowed. I first noticed this effect when I 
hooked the ac line monitor to the wall 
socket where a small air conditioner was 
plugged in. When the compressor first 
started up, the ac line dipped — for an 
instant - to below 100 volts ac! 

reference 
1. C. E. Miller, W1ISI, "Blow Up That Meter," 
73, October, 1964, page 56. 
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integrated circuits 
Integrated circuits hold great promise for 
modulation and demodulation applica-
tions. The modern transmission modes of 
single sideband, double sideband, sup-
pressed carrier and frequency modula-
tion, plus phaselock receiving systems, 
depend a great deal on balanced circuits. 
This is the forte of integrated circuits 
with their arrays of identical diodes and 
identical transistors. 

modulators 
The diode balanced modulator is 

widely used in transmitters. IC diode-
arrays provide the experimenter with 
small, well balanced diode assemblies. 
One example is the RCA CA3019, fig. 1. 
The CA3019 consists of four bridge-
connected diodes plus two additional 
diodes, all in a miniature 10-pin TO-5 
case. Conventional balanced modulator 
and ring modulator circuits are shown in 
fig. 2. In fig. 2B the diode between points 
X and Y consists of CA3019 diodes D1 
and D2 in parallel; pin 5 is connected to 
Y, pins 6 and 2 are connected to X. 
Similarly, the diode between points X 

and Z consists of CA3019 diodes D3and 
D4 in parallel; pin 8 is connected to Z. 

Phasing-type single sideband genera-
tion may not disappear from the scene 
with the advent of integrated circuits. 
The balance complexities of the phasing 
system are reduced by the unusual uni-
formity that can be obtained in inte-
grated-circuit construction. As shown in 
fig. 3, a combination of CA3018 and 

CA3050 integrated circuits provide a 
packaged phase-shift single-sideband 
modulator. 

The RCA CA3018 is a four-transistor 
IC that can be connected as two Darling-
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fig. 3. Phasing-type ssb generator based on the R C A C A 3 0 1 8 and C A 3 0 5 0 integrated circuits. 
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independent differential amplifier arrays. 
Each array is made up of two Darlington 
pairs connected as differential amplifiers. 
Audio signals from the phase-shift IC are 

ssb i-f strip. Simple external connections 
can switch the IC from one mode to 
another. Bandpass shaping may be accom-
plished externally over a frequency range 

fig. 4. B l o c k diagram of the National S e m i c o n d u c t o r L M 3 7 3 integrated-circuit a-m/fm/ssb i-f strip. 

applied to their bases. A switch permits 
the selection of upper or lower sideband. 

Additional transistors provide carrier 
input so the 90°-related carrier com-
ponents can be applied to the emitter 
circuits of the independent dual differ-
ential amplifiers. The appropriate 90° 
phase shift networks are connected across 
the inputs of these transistors. One input 
consists of series resistor and shunt 
capacitor; the other, a series capacitor 
and shunt resistor. If each network pro-
vides 45° phase shift, the total phase shift 
of the two carrier components is 90°. The 
single-sideband signal is developed across 
the tuned output transformer. 

demodulators 
Some of the most intriguing ICs are 

those that contain an i-f amplifier plus 
capability for various demodulation 
modes. They lend themselves to the 
construction of small and versatile re-
ceiving systems.1 With such IC versatility 
I wonder if a compact all-band (1.8 MHz 
to 144 MHz) all-mode, cw, a-m, fm and 
ssb receiver is a real possibility? 

One particularly interesting IC is the 
National Semiconductor LM373 a-m/fm/ 

from audio to 15 MHz. Age is also 
included. 

A functional block diagram of the 
LM373 is shown in fig. 4. The row of 
stages at the top include an amplifier/ 
Mm iter, age and second gain circuit. The 
signal to be demodulated is applied to pin 
2. Output is taken at pin 9, and in most 
applications, re-introduced at pin 4, 
passing through an external filter circuit 
on the way. More gain stages are followed 
by a balanced mixer and peak detector. 
With proper external circuitry the latter 
two circuits can be switched for a-m, fm 
or ssb. Output voltage ranges from 50 and 
120 millivolts rms depending upon mode. 

Test circuit connections for a-m, fm 
and ssb are given in fig. 5. An a-m i-f 
signal is applied to pin 2, removed at pin 
9 and re-introduced at pin 4. Demodu-
lated output is taken from the peak 
detector at pin 8. 

The fm detector uses a quadrature 
demodulator. The fm i-f signal is applied 
to pin 2, picked up at pin 9, and through 
transformer T1 is re-applied at pin 4. The 
quadrature LC circuit is connected at pin 
6; demodulated audio is removed at the 
output of the balanced mixer at pin 7. 
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For ssb and cw operation the signal is 
sent through the amplifier/age system, 
pin 2 to pin 9, and is re-inserted at pin 4. 
The balanced rnixer is now used as a 

adapt these unusual devices for amateur 
applications and experimentation to 
make the ideas work. G3VJN points out 
in Technical Topics2 that an amateur can 

fig. 5. Circui ts f o r using 
the L M 3 7 3 integrated cir-
cui t fo r d e m o d u l a t i n g 
a-m, f m and ssb/cw. 

product detector with carrier applied to 
pin 6. Ssb output is again taken at pin 7. 
An appropriate switch permits selection 
of age action for single sideband or 
manual gain control for CW. 

rf amplifier 
Integrated circuits are not the mon-

sters that you may have been led to 
believe. That they destroy ingenuity and 
the yen for experimentation is more 
evasion than fact. Ingenuity is required to 

often adapt some of these newer devices 
for applications very different from the 
manufacturer's intended use. To prove 
the point he built an rf linear amplifier 
for 80 meters using the popular RCA 
CA3020 audio power amplifier {fig. 6). A 
close check of CA3030A specs indicates 
operation to 8 MHz. 

A diagram of the CA3020, fig. 7, 
shows the isolating input stage (Q1>, 
differential amplifier (Q2 and Q3), driver 
(Q4 and Q5) and power output stage (Q6 
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fig. 6. Integrated-circuit 80-meter 
linear amplifier designed by G3VJN. 

Breadboard layout of the RCA 
CA3020 linear amplifier. 

and Q7). The IC also includes a built-in 
voltage regulator. 

We can now look at G3VJN's circuit in 
fig. 6 and understand its operation. First 
of all, input transistor Q1 is not used; 
signal is applied to pin 3 which is the 
input to the differential amplifier. Supply 
voltage is applied to this stage through 

resistors R1 and R2 to terminal 11. 
Push-pull output is taken from the 

final amplifier at terminals 4 and 7 which 
connect directly to the collectors of the 
output transistors. Supply voltage is 
applied through the coil center tap. The 
circuit is simple and easily under-
standable. 

fig. 7. Block diagram and internal 
circuit of the RCA CA3020. 

INPUT 
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DIFFERENTIAL 
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06 07 

INPUT 
STAGE 

01 

DIFFERENTIAL 
AMPLIFIER 02-03 

ORIVER 
04-09 

POMP 
OUTPUT 
06 07 

54 OS august 1971 



fig. 8. Seiler vfo and 
output amplifier using 
the R C A CA3020. m 

vfo 
With the CA3020 you also have the 

makings of an integrated-circuit vfo, using 
the input transistor in a Seiler-type vfo. 
The circuit shown in fig. 8 performs well 
on 160, 80 and 40 meters. Since linear 
operation is not required for vfo opera-
tion G3VJN's basic circuit can be modi-
fied somewhat to obtain slightly more 
output. 

The oscillator is built around pins 1 
and 10 which connect to the base and 
emitter of the input transistor (fig. 7). 
The emitter output of the Seiler oscil-
lator, pin 1, is connected to the input of 
the differential amplifier, pin 3, through 
capacitor C5. Some adjustment of C5 
may be needed to obtain optimum out-
put and minimum turn-on drift. Pins 4 
and 7 connect to the push-pull rf output 
transformer. This is a center-tapped 
primary winding with secondary wound 
between the two halves of the primary. 

A breadboard test unit of this circuit is 
shown in the photo. To facilitate circuit 
changes I used a Vector 570-F IC test 
socket. With this test socket the IC pins 
are brought out to 12 pressure spring 
terminals, a real blessing for experimental 
work. 

The RCA CA3020 can also be used as 
an oscillator and frequency doubler to 
provide even greater isolation between 
the output and the oscillator. The circuit 
of fig. 8 frequency doubles by tuning the 
output circuit to twice the oscillator 
frequency. 

Greater output can be obtained from 
the circuit of fig. 9. In this circuit the 

output transistors are connected in a 
push-push frequency doubler circuit. The 
bases are connected internally in a push-
pull circuit that cannot be altered. The 

fig. 9. Modifying the output circuit of 
fig. 8 for frequency doubling. 

push-push doubler circuit requires that 
the collectors of the output transistors be 
connected in parallel as in fig. 9. A 
single-ended output circuit is used with 

fig. 10. Modifications to the output circuit of 
fig. 9 for balanced voltage drive to succeeding 
high-impedance stages. 
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the collectors connected to the primary 
tap. Several hundred milliwatts rf output 
is possible. 

The CA3020 circuit arrangement in 
fig. 10 is ideal for driving a succeeding 
high-impedance amplifier such as the 
push-pull input to a vacuum tube or fet. 
The primary objective of this circuit is to 
provide good voltage drive to the next 
stage. 

triangle antennas 
The full-wave triangle antenna seems 

like the best "hunk-of-wire" antenna 
ever; performance-per-penny-spent is ex-
ceptional. Only a single mast or other 
high support point is needed. Since it is 
fed at the bottom the triangle can be 
trimmed to resonance with ease. 

The basic triangle is a closed full-wave-
length antenna, fig. 11, with three equal-
length sides. However, within reason, 
good performance is maintained if the 

fig. 11. Basic triangle antenna layout for 40, 80 
and 160 meters. Total length of wire is 1-wave-
length on the band of interest. 

base is longer than the two sides. Con-
versely, the sides can be longer than the 
base, within limits, as long as the overall 
length is one wavelength. The relative 
length of sides and base influence radia-
tion resistance, therefore simplifying 
impedance-matching problems. 

On 40, 80 and 160 meters you can use 
coaxial feedline without any supplemen-

tal matching system. Simply make certain 
that the base of the triangle is 8 to 12 
feet above ground; at this level the 
antenna is easy to trim for proper reson-

fig. 12. Triangle antenna for 10, 15 or 20 
meters is mounted above ground on a 
single supporting mast. 

ance and matching to a given transmission 
line. 

construction 
The mounting arrangement consists of 

a single support mast and a pair of ground 
stakes. The antenna wire is fed through 
an insulator at each end of the base and is 
supported by an insulator at the top of 
the mast. I use insulated wire such as 
plastic-covered no. 12, no. 14 or no. 16. 
The insulation is removed only where the 
antenna is connected to the transmission 
line at the center of the base. Nylon rope 
or plastic clothesline (non-metallic core) 
is attached to each of the base insulators; 
the triangle is pulled open and held in 
position by the two ground stakes. 

On the higher bands, 10, 15, 20 
meters, a single triangle antenna element 
can be supported in about the same 
manner, fig. 12. On these bands use 
coaxial line or open-wire transmission line 
and an antenna tuning unit. This provides 
good performance over the entire band 
for which the triangle is designed. 

T o build the high-band triangle 
measure off three equal sides. Attach the 
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two base insulators so they cannot slide 
along the antenna wire. Locate the exact 
position of the feed point. This can be 
done with the simple equation in fig. 13. 

fig. 13. Formula for locating the 
base feedpoint on the support-
ing mast (see text). 

iS • ll-l/i FT 

For example, a full wavelength at 20 
meters is: 

. 984 984 „ „ x X = —T— = "TTTT = 69 feet f , 14.2 

Each side, S, will be one-third this value 
or 23 feet. 

To set up an equilateral triangle, the 
separation between the apex and the 
center feedpoint of the base must be: 

h = 0.866S = 0.866 x 23 = 19.8 feet 

A twenty foot separation between apex 
and feedpoint is fine. 

In erecting the antenna the apex and 
center feedpoint are attached to the mast. 
Then the mast is raised. Finally, the ropes 
attached to the base insulators are used to 
pull the wire into a triangle. 

The triangle antenna has a bi-direc-
tional pattern and provides good perform-
ance at reasonably low mounting heights. 
Cost is low; what do you pay for a 
69-foot piece of wire and four insulators? 
On the lower bands the triangle antenna 
has favorable low-angle directivity. It also 
operates well with parasitic reflectors and 
directors and can be used as elements of 
a phased antenna system. 

open triangle 
The closed triangle, like the closed 

quad or delta loop, is a single-band 
antenna. Operation on other bands is 
possible using concentric mountings as 
for three-band cubical quads. The open 
triangle antenna, when cut for 20 meters 
provides good bi-directional performance 
on 10, 15 and 20 meters (see fig. 14). 
Note that the insulator at the apex of the 
triangle divides the antenna into two 
half-wave 20-meter sections. The feed-
point impedance is high and requires an 
antenna tuning unit with both series and 
parallel tuning. 

The open triangle also loads well and 
gives reasonable performance on 40 
meters. On this band each segment, at 
34.5 feet, is a bit longer than a quarter 
wavelength. Although there is a lot of 
experimentation to be done with the 
triangle, it is a good base for high-
performance, low-budget antennas. 

INSULATES TWO 
SECTIONS 

TO 
TRANSMITTER 

fig. 14. Open triangle antenna cut for 20 meters 
operates successfully on 10, 15 and 40 meters. 
The antenna wire is broken at the apex of the 
triangle. 
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mini-mobile 

It is possible 

to operate mobile 

from a small 

foreign car — 

this VW mobile 

is a good example 
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When my wife first suggested buying a 
Volkswagen for our first car I was some-
what stunned — knowing it would never 
materialize into the mobile station I 
always dreamed of. Going against the 
odds of placing all by mobile gear in the 
small Beetle I began to change the VW 
into a rolling radio station. I hope this 
article will provide incentive to all hams 
who own small cars to try mobile opera-
tion. 

The dc power supply is in-
stalled up front in the VW 
trunk. 
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In my mobile radio station a Heath ssb 
transceiver is mounted under the dash on 
the passenger's side. It requires some 
ingenuity in fabricating mounting hard-
ware; however, no special tools are neces-
sary. A standard magnetic mobile micro-
phone holder is mounted on the glove 
compartment to allow easy access to the 
microphone with minimum distraction 
from driving chores. The mobile speaker 
is mounted next to the microphone. If 
you wish, the car broadcast radio speaker 
may be used by placing a toggle switch 
under the dash that switches the speaker 
from the car radio to the mobile radio. 
This is an added advantage in the VW 
since the speaker is directly in front of 
the driver. 

The dc power supply was mounted in 
the trunk by cutting an access hole in the 
trunk liner and fabricating mounting 
hardware to compensate for the contours 
of the trunk base. You may question the 
mounting position of the power supply; 
however, no problems have been en-
countered with overheating; even on hot 
summer days. 

A 35-amp alternator takes the 
load off the VW electrical system. 

The heart of the VW mobile, and the 
key to its success, is its 12-volt power 
plant. A separate 35-amp alternator 
system was installed to eliminate the 
possibility of overtaxing the VW electrical 
system.* The regulator was installed in 
the upper left corner of the engine 
compartment. A separate battery was 

Heavy-duty battery under the rear seat is 
used exclusively for the radio gear (can 
also be used for starting the car on cold 
winter mornings). 

installed under the rear seat with battery 
cables running to the power supply in the 
trunk. 

When I work fellow VW owners on the 
air they invariably ask me how it was 
done. It is hoped the ideas presented here 
will make it possible for other VW owners 
to have a mobile radio station. For those 
of you who are wondering about the 
added drag of the alternator, I found that 
approximately 3 to 5 mph was knocked 
off the top speed; however, there was no 
noticeable decrease in gas mileage. 

•Alternator, part number RM 12V P A K , avail-
able from 767 Minot Avenue, Auburn, Maine 
04210. 
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tebook 

motorola fm 
receiver mods 

During the past year I have retuned 
several 43G and 43GGV Motorola Sensi-
con transceivers for amateur use on two 
meters- In some of the units I discovered 
that the squelch control had to be ad-
vanced almost fully clockwise to quiet 
the channel. After checking tubes, com-
ponents and voltages and a careful align-
ment I still could not find the problem. 

Checking through a number of manu-
als, I found some resistor changes in the 
schematic for a late T-Power receiver 
strip. When these resistor values were 
incorporated in an otherwise identical 
older version of the receiver the result 
was vastly improved squelch-control 
action. The new resistor values are shown 
in table 1. 

To provide a measure of protection to 
the 6AQ5 audio output stage I installed a 
120-ohm, 1-watt resistor between the 
cathode (pin 2) and ground, bypassed 
with a 50-/iF, 25-V capacitor. Gain of the 
stage is not greatly affected, and the tube 
will be protected by self-bias. 

table 1. New resistor values for the Motorola 
Sensicon G fm receivers. 

old new value 
resistor value wide band narrow band 

R139 - 56k 180k 
R140 - 56k 180k 
R M S 150k 330k 330k 
R146 - 680 220 
R152 560k 820k 1.5M 

table 2. Squelch and audio-voltage readings 
are helpful in troubleshooting Motorola 
Sensicon G fm receivers. (V rms readings are 
noise voltage measurements made with ac 
vtvm.) 

test point unsquelched squelched 

VI12, pin 1 3 V rms 3 V rms 
VI12, pin 2 7 Vdc 2 Vdc 
VI12, pin 5 50 V rms 50 V rms 

190 Vdc 100 Vdc 
VI12, pin 6 100 Vdc 60 Vdc 
VI13, Pin 6 12 Vrms 12 Vrms 
VI14, pin 1 45 Vdc 25 Vdc 
VI14, pin 2 -8 Vdc 2 Vdc 
VI14, pin 3 3 Vdc 3 Vdc 
VI14, pin 6 180 Vdc 190 Vdc 
VI14, pin 8 50 Vdc 50 Vdc 

Table 2 lists a number of dc voltage 
readings at various points in the squelch 
and audio stages. These should be helpful 
in tracking down circuit ailments. 

Murray Ronald, V E 4 R E 

multiple tubes in 
parallel grounded grid 

The use of four parallel tubes in 
grounded-grid dates back many years. If 
the tubes are honest-to-goodness triodes 
like the 811A they work pretty well. 
However, if you use tv-type horizontal-
amplifier tetrodes or pentodes, tie all of 
the grids together and ground them, the 
picture is a little different. When you get 
that much grounded hardware in close 
proximity to the plate of the tubes the 
plate-to-ground capacitance becomes 
formidable, particularly when you have 
four tubes in parallel. 
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fig. 1. High capacitance of parallel-connected tv sweep tubes limits upper frequency capability of the 
amplifier circuit in (A). Series capacitor C I in (B) improves L/C ratio of the circuit and provides 
increased high-frequency efficiency. 

Several years ago I built such an 
amplifier using four 6KG6 Amperex 
tubes. These tubes are somewhat huskier 
than the 6LQ6 and harder to come by, 
but they wil l take a lot of abuse. I have 
run the four of them to a full 1000 watts 
dc. One tube finally blew so power was 
dropped to a conservative 500 watts dc 
(1000 watts PEP). 

At the lower frequencies the standard 
grounded-grid circuit shown in fig. 1A 
worked fine. However, at the higher 
frequencies the plate-to-ground capaci-
tance is on the same order of the tuning 
capacitor and in parallel with it. Result: 
poor efficiency on 15 meters and im-
practical on 10 meters. 

Recently I decided that I wanted to 
use this amplifier on 10 and 15 meters, 
but first I had to solve the high-C 
dilemna. The solution is shown in fig. 1B. 
In IB the input pi-network capacitor C1 
is placed in series with the plate-to-
ground capacitance. With this arrange-
ment capacitor C1 becomes the series 
combinat ion of the plate-to-ground 
capacitance of the four tubes and the 
variable tuning capacitor. You have to 
insulate both sides of the tuning capacitor 

from ground now but this is no big 
problem. 

With circuit 1A on 15 meters the tank 
coil consisted of two very hot turns; with 
fig. 1B the tank circuit has 6 turns and 
everything runs cool, as it should. I drive 
the amplifier with an SB-34 transceiver. 

One other major improvement was 
incorporated into the rebuilt amplifier. 
The original circuit used a 100-ohm 
cathode-bias resistor (fig. 1A>. This is a 
poor way to bias a variable-plate-current 
power amplifier. The bias circuit in fig. 
1B uses fifteen series-connected silicon 
rectifiers to obtain a 10-volt drop which 
is constant and limits the resting current 
to about 60 mA. The cost of this arrange-
ment was kept down by using surplus 100 
PIV 1500 mA silicon diodes that are 
available from Poly-Paks for less than a 
dime apiece. A more expensive approach 
to the bias problem is a 10-volt, 20-watt 
zener diode. 

The rebuilt linear delivers a very clean 
signal. Although I used 6KG6 tubes the 
same technique may be used to solve the 
high plate-to-ground capacitance of any 
parallel-connected tv sweep tubes. 

Bob Baird, W7CSD 
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comments 

solid-state ssb exciter 
Dear HR: 

I just wanted to let you know that 
some of us actually build equipment 
described in ham radio. I 'm enclosing a 
photo of a ssb exciter I came up with 
after reading W9KIT's article in the De-
cember issue. The basic 9-MHz section is 
basically the same as that described in the 
article, although I haven't put the crystal 
filter in yet. 

In correspondence with the author I 
got the dope on his entire ssb exciter, and 
followed his heterodyning scheme pretty 
much, although I used transistors and he 
used vacuum tubes. The double-balanced 
mixers work out nicely; although this is 
my first experience with them I remem-
ber an article you ran on these gadgets 
some time ago. 

It sure is a kick to work somebody on 

phone and tell them I 'm using a home-
brew rig. Most of the guys are never 
aware that I'm using double sideband 
unless I tell them, so I may never get 
around to putting in the crystal filter as 
I 'm primarily interested in cw anyway! 
This little rig drives my 6146 final to 
about 60 watts PEP input which seems to 
be plenty to make contacts on 40-meter 
ssb. 

Cal Sondgeroth, W9ZTK 
Mendota, Illinois 

fire protection 
Dear HR: 

In the article "Fire Protection in the 
Ham Shack" in the January 1971 issue, 
Freon is listed as being a good fire 
extinguisher. Possibly it would be good 
for putting out the fire, but might 
hospitalize the fireman. When subjected 
to temperatures corresponding to that of 
red-hot metal, Freon breaks down, form-
ing Phosgene gas, which my dictionary 
describes as a colorless, highly toxic gas; 
one use of which is chemical warfare. As 
personal experience followed by research 
has taught me, phosgene is a lung irritant, 
also an eye irritant and very good for 
rusting tools. The authors are not to be 
blamed too harshly. Freon is non-toxic, 
stable and non-inflammable — but only at 
ordinary temperatures. 

Frank Knottingham, K7QCM 
Gold Beach, Oregon 

A set of schematics for W9ZTK's solid-state ssb 
exciter for 80, 40 and 20 meters is available for 
25c from ham radio. The circuit includes a 
9-MHz sideband generator, speech amplifier, 
vfo, double-balanced mixers for 80, 40 and 20 
meters plus an fet output amplifier, editor 
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frequency standard 

A zero adjustment allows the fre-
quency to be set precisely to WWV or 
other frequency standard. The accuracy 
holds for all outputs of the frequency 
standard. Applications include calibration 
of receivers, signal generators, vfos, oscil-
loscopes and general use in the lab or ham 
shack. The unit is priced at $32.50 
postpaid from Palomar Engineers, Box 
455, Escondido, California 92025. For 
more information use check-off on page 
94. 

The new Palomar Engineers frequency 
standard contains a crystal-controlled os-
cillator that is based on a precision 
100-kHz crystal. A front-panel switch 
controls the operation of three frequency 
dividers driven by the 100-kHz oscillator. 
They provide outputs at 100, 50, 25, 10 
and 5 kHz, depending on the switch 
setting. The output is a square wave with 
rich harmonic content; thus the signal can 
be heard at every 100 kHz (or every 50 
kHz, or every 25 kHz, etc.) throughout 
the shortwave bands to 50 MHz and 
above. 

afsk generator 
The new J&J solid-state afsk generator 

provides short-term stability of ±1 Hz. 
The basic oscillator uses a unijunction 
transistor in an RC circuit with precision 
resistors. The internal 5-pole butterworth 
filter with cutoff above 3000 Hz removes 
harmonics and assures sinusoidal output. 

The J&J afsk generator features high 
output with more than ample transmitter 
drive. The high level line output may be 
used to test TUs or other RTTY equip-
ment. The generator may be triggered by 
any positive voltage greater than 2 volts. 
A keyboard can be connected to the 
input of the generator with a power 
supply up to 20 volts to cause the unit to 
conduct on space. The afsk generator can 
also be operated directly from any of the 
TT/L or equivalent keying circuits which 
supply a positive voltage on space. 

The J&J afsk generator is furnished 
with standard tones 2125, 2295 and 2975 
Hz unless otherwise specified. Price, in 
modern desk-top cabinet, is $90.00; 
$99.00 for rack-mounted model (3 1/2" 
panel). Also available with low tones of 
1275, 1445 and 2125 Hz at $99.00. 
Order from J&J Electronics, Windham 
Road, Canterbury, Connecticut 06331. 
For more information use check-off on 
page 94. 
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broadband 
rf amplifiers 

The new broadband rf amplifiers intro-
duced by Radiation Devices Company 
span the region from 10 to 500 MHz for 
state-of-the-art performance for labora-
tory or field use. Gain is 30-dB minimum 
from 10 to 150 MHz; gain from 3 to 500 
MHz is 10 dB for the model BBA-1 and 
15 dB for the BBA-1 P. Noise figure, from 
10 to 500 MHz, is 6 dB maximum for the 
BBA-1, and 3 dB maximum for the 
BBA-1 P. The broadband amplifiers re-
quire a supply voltage of 12 volts, ±1 
volt. Input and output connectors are 
type BNC (other connectors available). 
The BBA-1 is priced at $30; the BBA-1 P 
is priced at $45. For more information, 
use check-off on page 94, or write to 
Radiation Devices Company, Post Office 
Box 8450, Baltimore, Maryland 21234. 

high-voltage 
silicon rectifiers 

I * >""• j j ; j «jssQ» 

Semtech has announced the develop-
ment of a unique high-voltage silicon 
rectifier device, called the KV-PAC, with 
peak inverse voltages up to 15 kV. The 
KV-PAC offers a rugged functional pack-

CRYSTAL FILTERS 
AND DISCRIMINATORS 
by KVG of West Germany 

9.0 MHz FILTERS 
XF 9A 2.5 kHz $21.95 
XF 9B 2 A kHz $30.25 
XF 9C 3.75 kHz $32.45 
XF 9D 5.0 kHz $32.45 
XF 9E 12.0 kHz $32.45 
XF 9M 0.5 kHz $23.00 
XL10M 0.5 kHz $59.95 

10.7 MHz FILTERS 
XF 107A 14 kHz $30.25 
XF 107B 15 kHz $30.25 
XF 107C 32 kHz $30.25 
XF 107D 33 kHz $30.25 

9.0 MHz DISCRIMINATORS 
XD9-01 ± 1.5 kHz $15.95 
XD9-02 ± 3.0 kHz $16.95 
XD9-03 ± 8.0 kHz $16.95 

10.7 MHz DISCRIMINATORS 
XD107-01 ± 10 kHz $14.95 
XD107-02 ± 20 kHz $14.95 

HC6/U CRYSTALS 
XF 900 9000.0 kHz $2.75 
XF 901 899A.5 kHz $2.75 
XF 902 9001.5 kHz $2.75 
XF 903 8999.0 kHz $2.75 

ALSO: 

DUAL GATE MOSFET CONVERTER 
FOR TWO METERS 

Noise figure: 2. Excellent cross modulation and 
image rejection (116 MHz xtal oscillator.) IF 
28-30 MHz. All inductors shielded. 
Model DGTC 22 $35.00 

S I SPECTRUM 
INTERNATIONAL 

BOX 87 TOPSFIELD 
MASSACHUSETTS 01983 
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New 
3 D i g i t C o u n t e r 

• The model fm-36 3-digit frequency 
meter has the same features that has made 
the 2 digit model so popular with Hams 
— low price, small size (smaller than a 
QSL card), 35 Mhz top frequency, simple 
connection to your transmitter, -|-0 —0.1 
Khz readout — PLUS the added convenience 
of a third digit to provide a 6 digit capa-
bility. Kit or Assembled. 
Example: 28,649.800 Hz reads 28.6 MHz 
or 49.8 Khz. (Add the 10 Hz module to 
read 9.80.) 

• A divide-by-ten prescaler is also avail-
able that operates up to 170 Mhz. Extend 
t h e r a n g e of a n y f r e q u e n c y c o u n t c r — or 
use with the fm-36 for 6 meter or 2 meter 
use. 

FM-36 KIT $134.50 
FM-36 ASSEMBLED $164.50 

M i c r o - Z Co. 

Box 2426 Rolling Hills, Calif. 90274 

A T 
A SPEECH COMPREXOR™ 

REALLY WORKS! 

RPC-3M MODULE 
(ONLY $22.50) 

• LOW DISTORTION 
C I R C U I T 

• FULLY W I R E D & 
T E S T E D NOT A KIT 

• WORKS WITH 
P H O N E PATCH 

• I N T E R N A L UNITS 
& M O D U L E S W O R K 
MOBILE 

• FULL W A R R A N T Y 
— O N E YEAR 

• I N T R O D U C T O R Y 
LOW PRICES 
(Illinois residents add 
5'<- Sales Tax) 

Write for specifications 
and information sheets 

(free) 
Demonstration Tape (cas-
sette) available ($2.00 de-
posit ) 

RPC3C CABINET MODEL 
($34.95) 

RPC-3.3U INTERNAL UNIT 
($24,95) 

Electronics 
BOX 1201H 
CHAMPAIGN, ILL. 
61820 

age that is corona free. Mounting slots are 
designed for easy installation. Universal 
3-watt electrical terminals accommodate 
fast-disconnect fittings, wire wrap or 
solder connections. The devices are rated 
at 5 to 15 kV PIV per leg. Average 
rectified current is 0.4 amp; one-cycle 
surge current is 50 amps. Reverse current 
at the rated PIV is 10 /iA. For more 
information, use check-off on page 94, or 
write to Semtech Corporation, Newbury 
Park, California 91320. 

stud-nut 

- j 
The Stud-Nut is a new unitized fasten-

er which eliminates five separate pieces of 
hardware now required to mount stud-
type solid-state devices. It replaces an 
insulating bushing, mica washer, metal 
washer, solder lug and hex nut; it pro-
vides rapid, secure mounting of SCRs, 
power transistors, rectifiers and zener 
diodes with 10-32 threaded studs. It can 
be used with DO-4, TO-36, TO-59, T0-60 
and TO-64 case types. 

The threaded metal insert is molded 
into an insulated hex base and contains 
through holes to provide solder connec-
tions for external leads. Due to the 
unique design of the Stud-Nut the con-
tact resistance between the stud-mounted 
device and external lead is extremely low. 
Continuous current rating is 30 amperes. 
For more information, use check-off on 
page 94. A package of four Stud-Nuts is 
available for $1.00 postpaid from the 
SCF Corporation, Post Office Box 999, 
Hightstown, New Jersey 08520. 
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digital 
frequency meter/ 
signal generator 

The recently announced type 107A 
digital frequency meter/signal generator/ 
synthesizer from Lampkin Laboratories is 
an extremely versatile instrument that is 
aimed primarily at the mobile-radio main-
tenance field. The instrument has many 
applications in educational, aerospace and 
industrial laboratories; in manufacturing, 
research, and production operations; in 
a-m, fm, and tv broadcast engineering and 
receiver servicing; in commercial fre-
quency-measurement services and in 
many other applications. It is completely 
solid-state, operates from either 12 Vdc 
or 115 Vac and weighs 22 pounds. 

As a heterodyne frequency meter, the 
107A will measure carrier frequencies of 
nearby transmitters or signals picked up 
on a receiver. Coverage on FCC-assigned 
frequencies is continuous from 10 kHz to 
above 500 MHz. Guaranteed accuracy in 
the field, independent of WWV. is con-
siderably better than 0.0001% (1 part per 
million). 

As a synthesizer any frequency from 
below 1,000 Hz to 9,999.9 Hz, can be 
generated, in steps of 100 Hz, phase-
Socked to the internal crystal standard. 
Voltage output level is 1.0-volt rms down 
to 0.0005-volt, continuous and cali-
Drated, into 50-ohm load or greater. As a 
iignal generator the 107A provides cw, 
implitude or frequency-modulated signals 
>n fundamental frequencies up to 10 
i/IHz; from 10 MHz to above 500 MHz 
larmonics are employed, but no arith-
netic is needed - the dials are direct 
eading in MHz and kHz. An external 
ariable attenuator (supplied) will bring 
he signal below the noise level of re-
eivers. 

BRISTOL 
R A D I O 

NOW 
24 YEARS NEW 

This well experienced firm in 
the commercial two-way and ma-
rine Radio Field has now formed 
a new partnership which will bring 
this high quality sales and service 
organization to the ham. 

Who is the new half of this 
partnership? No other than Glen 
Fadden, W2CXX, who many of 
you will remember from his earlier 
days with several well known ama-
teur distributors. 

Drop us a line, give us a call, 
or bring your service problems and 
get acquainted with New Eng-
land's newest 24 year old amateur 
distributor — the people who are 
easy to do business with. 

Their current lines include Vari-
tronics, l!ni metrics, Johnson, Com-
co, Motorola, Ctishcraft. R. L. 
Drake and Shakespeare plus many 
more that arc being added each 
week. 

JLj* j/^l J ) J O 

V^W i — / J L ^ f J L J L V J L V ^ V J V - Z i 

420 MOPE STREET 
BRISTOL, R. I. 02809 

401-253-7105 
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ALL SOLID-STATE 
SSB TRANSCEIVER -

. Complete single-band SSB transceiver 4 to 5 
watts PEP output 15, 20, 40, or 75 mtrs. 

. VXO tuning up to 100 KHz or 2 fixed freq. 
• Suitable for dry battery operation. 
. Light weight, small size makes excellent 

portable • boat, aircraft, field or mobile. 
. Contains 15 transistors, 1 MOSFET, 2 darling-

ton amps., 1 I.C. and 17 diodes. Four-pole 
filter. 

. Some options available to customer require-
ments. 

. Furnished with spare switching and final amp. 
transistors, dummy load and extra plug. 

JUSTIN, INC. 
2663 NORTH LEE AVENUE 

SOUTH EL MONTE, CALIF. 91733 

NEW! IC KEYER 
Only 

$ 7 7 . 5 0 
PPD 
USA 

• Self completing dots and dashes. 
• Dot memory for easy keying. 
• Precision feather-touch key built-in. 
• Sidetone oscillator and speaker built-in. 
• Relay output keys 300-V @ 100-ma. 
• Keyed time base. Instant start. 
• 5 -50 wpm. Perfect dot-dash ratio. 
• Send QSL or postcard for free brochure. 
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Price of the Lampkin 107 A is 
$2150.00. For further information, write 
Lampkin Laboratories, Inc., Dept. 243, 
8400 Ninth Avenue N, W., Bradenton, 
Florida 33505. 

vhf marine radio 

Every marina or yacht club, or any 
marine service company, can now afford 
its own VHF Limited Coast Station with 
the Ensign II produced by RF Communi-
cations. Ideal for marine sales and service 
dealers to have as a unit to show, demon-
strate and use, all at the same time, the 
Ensign II provides full 25-watt output. 
Transceiver weight is under 7 pounds, and 
the unit includes crystals aligned for 
channel 16 and a working channel ready 
for use. Capable of being mounted in any 
position, the Ensign II is housed in a vinyl 
painted cabinet wi th drip-proof and dust-
tight construction. List price is $578. 

A complete line of antennas and ac-
cessories is also available. For literature 
with ful l specifications and further in-
formation use check-off on page 94, or 
contact National Sales, RF Communica-
tions, Inc., a subsidiary of Harris-lnter-
type Corp., 1680 University Avenue, 
Rochester, New York 14610. 

wwv changes 
When you tune in WWV (or WWVH) 

for time signals or propagation informa-
tion after 0000 hours gmt, 1 July 1971, 
you wil l hear a different format than 
you've been accustomed to over the last 
few years. The Morse code transmissions 
wil l be gone and the announcements of 
time and other information wil l be made 
in voice. The time wil l be announced 
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every minute instead of every five 
minutes; a male voice will be used by 
WWV and a female voice by WWVH to 
distinguish between them. The carrier 
frequencies will remain the same: 2.5, 
5.0, 10.0, 15.0, 20.0 and 25.0 MHz. The 
frequency accuracy of the two stations is 
controlled by the NBS Atomic Frequency 
Standard at Boulder, Colorado. 

The format of the broadcasts from the 
two stations will be similar, but to avoid 
confusion they will use alternate time 
slots for the transmission of tones, an-
nouncements, etc. The standard time tick 
each second will remain. 

Each hour will be divided into 
1-minute slots. Each minute (except the 
first) will begin with an 0.8-second 
1000-Hz tone on WWV (1200 Hz at 
WWVH). The first minute of each hour 
will begin with a 1500-Hz tone at both 
stations. The one minute slots will be 
divided into a 45-second segment and two 
7.5-second segments. On alternate 
minutes the 45-second segment will con-
tain either a standard tone or an an-
nouncement. The first 7.5-second seg-
ment following the 45-second segment 
will be used by WWVH to announce time 
while WWV will be silent. The second 
7.5-second segment will be used by WWV 
to announce time, WWVH being silent. 

Each station will omit for 5 minutes of 
each hour all tones and announcements 
during the 45 second segments. This 
period will begin for WWV at 45 minutes 
past the hour and for WWVH at 15 
minutes past the hour. A special 440-Hz 
tone will be broadcast by WWV for 45 
seconds beginning one minute past the 
hour and by WWVH two minutes past the 
hour. This tone can be used to mark the 
hours on strip-chart recorders or other 
instruments. The tone will be omitted 
during the zero hour (gmt) of each day. 

It is interesting to note that announce-
ment slots will be available to Govern-
ment agencies to use for their own 
purposes. The slots not used will be filled 
by a standard tone, probably 500 Hz. To 
prevent interference between the two 
stations one station's announcements will 
coincide with the other's tone. 

N9ISE 
Ignition Noise Suppression Kit 

ivvvvvvivtiitvtvvv 
MOOtl >0 U N I V I t S A l Kll HIS A l l ( C U A M i l l C A N C»«S 

LWITEO 

SPECIAL $ 2 4 . 9 5 
S55,00 VALUE 

Elec t ron ix Sales 
• MAU • s i r n E O • c.it. • 

23044 S. CRENSHAW BLVD. 

S TORRANCE. CALIF. 90515 • PHONE (JI3) 53MI56 | 
0 • 

FREQUENCY STANDARD 

Only 
$32.50 
(less batteries) 
POSTPAID USA 

• Precision crystal 

• Fully guaranteed 

• Markers at 100, 50, 25, ? 0 or 5 kHz se-
lected by front panel switch. 

• Zero adjust sets to WWV. Exclusive circuit 
suppresses unwanted markers. 

• Compact rugged design. Attractive, com-
pletely self contained. 

• Send for free brochure. 

PALOMAR 
ENGINEERS 

BOX 455, ESCONDIDO, CA 92025 
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a second look 
J fisk 

A new electronically-tunable ceramic ca-
pacitor has been developed by engineers 
at Fort Monmouth, New Jersey. The new 
tunable capacitor is about one-tenth the 
size of presently available units, equiva-
lent to three quarters stacked on top of 
one another. 

The tunable capacitor, which will be 
used in automatic tuners in lightweight 
military radios, costs about thirty cents. 
The device consists of a multilayered 
ferro-electric material with an rf electrode 
on each end and a dc electrode in the 
center. As the dc control voltage is var-
ied, the dielectric constant of the center 
layer changes, thereby changing the ca-
pacitance of the device. 

The voltage-tunable characteristic of 
these new ceramic capacitors is particu-
larly valuable for applications which re-
quire automatic tuning capability. For 
example, the capacitor can be combined 
with a digital logic network to retune an 
antenna automatically if a mismatch oc-
curs between it and the transmitter. In a 
typical application the radio can com-
pletely retune itself automatically within 
several microseconds. 

Varactors are not suitable for this ap-
plication because of their power limita-
tions. To obtain high power, a larger 
number of series-connected diodes must 
be used; this lowers capacitance. To in-
crease capacitance, more diodes must be 
placed in parallel; this results in a very 
unwieldy package. With the ceramic mul-

tilayer capacitor, however, a whole stack 
of devices can be placed in a very small 
package. 

Since these multilayer capacitors are 
still in the developmental stage, it will be 
some time before they become available 
for use in radio production. Eventually 
they will reach the public. When they do 
we should see a whole new array of auto-
matically tuned communications anten-
nas. 

For example, by including one of 
these tunable ceramic capacitors inside 
the traps of a multiband beam, an enter-
prising amateur could build a high-per-
formance antenna system which would 
provide unity swr at any operating fre-
quency. The required digital logic control 
circuitry could be built into the antenna 
boom. 

These ceramic capacitors could also be 
used in automatic tuning units at the out-
put of your transceiver, or as tuning and 
loading controls within the equipment. 
The capacitors would also be ideal for au-
tomatically tuned mobile antennas which 
compensate for swr changes as you drive 
under trees or next to large tractor-trail-
ors. This is especially important when 
using solid-state final amplifier stages 
which quickly destroy themselves when 
confronted with high standing-wave ra-
tios. 

Jim Fisk, W1DTY 
editor 
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practical 
photofabrication 

o f 

printed-circuit boards 

Here's a practical 

inexpensive technique 

for producing 

professional quality 

printed-circuit boards 

for your 

amateur radio projects 
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Making the printed-circuit board for a 
project is often as much fun as using the 
finished project itself. The photoresist 
technique is easy, inexpensive and results 
in a neat, professional looking and aes-
thetically pleasing final project. A quick 
scan of the literature reveals that this 
technique has actually been used very 
rarely by amateurs. This is because of the 
apparent unavailability of photoresist, 
misconceptions about cost and, of course, 
the absence of a comprehensive article on 
the subject. 

The method of making printed-circuit 
boards detailed in this article consists of 
making a transparency using readily avail-
able drafting aids and coating a piece of 

Completed project using the printed-
circuit board. 
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fig. 1. Schematic of the automatic-shut-down circuit used to illustrate the photoresist method of 
making printed-circuit boards.* 

copper-clad board with a positive-working 
photoresist, exposing, developing and 
etching. A conservative estimate of the 
photoresist cost for a 5 x 7-inch board is 
$.10. No darkroom, camera or photo-
graphic skill is required since the only 

*This equipment is used in an organic chem-
istry laboratory to automatically stop a distilla-
tion when the temperature of the material 
being distilled either rises above the boiling 
point of the pure material (indicating the 
presence of a higher boiling impurity) or falls 
below the boiling point (when most of the 
material is gone from the pot and not enough 
hot vapor is flowing past the thermistor in the 
distillation head to keep it hot). The Triac in 
the circuit is used as an on-off switch to 
determine whether heat is applied to the pot 
(through a heat controller plugged into the 
socket). The Triac is controlled by the logic 
through a lamp/photocell combination. The 
light-emitting diodes are used to indicate 
whether the distillation was shut-down due to a 
rise or a fall in temperature. 

light-sensitive part of the process is the 
photoresist, and it is sensitive only to 
ultraviolet light. A photoresist-coated 
circuit board may be exposed to normal 
room lighting for an hour or longer with 
no harm. 

Techniques for making printed-circuit 
boards may be divided into two basic 
categories. Those methods characterized 
by application of resist to areas where 
copper remains after etching, and 
methods using photoresist or silkscreen. 

The first method is useful for one-of-
a-kind projects. Examples include paint, 
ink, tape and dry-transfer images applied 
directly to the circuit board. Also in-
cluded is stick-on copper foil with heat-
resistant adhesive; this is a very interest-
ing material since etching and drilling are 
eliminated, and the circuit can be changed 
with relative ease. 

Photoresist methods are divided into 
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three types: those that use a positive-
working photoresist with a positive trans-
parency, develop and etch; those that use 
a negative-working photoresist with a 

tive photoresist is Shipley's AZ-111 
which is developed in a weak solution of 
sodium hydroxide (lye). 

Negative-working photoresists consist 

TRANSFORMER 

fig. 2. First step toward a printed-circuit board consists of redrawing the circuit, placing components 
within the proposed board outline. No attempt is made to minimize wiring crossovers at this point. 

positive transparency, develop, tin plate, 
strip resist and etch with an etchant 
which will not dissolve tin; and those that 
use a negative-working photoresist with a 
negative mask, develop and etch. Al-
though only the first method is recom-
mended all three will be covered. 

photoresists 
A positive-working photoresist consists 

of an organic resin which is affected by 
ultraviolet light in such a way that the 
exposed resin is easily dissolved in its 
developer, but the unexposed material is 
not. Positive-working resists are resistant 
to pinholing and other effects caused by 
dust particles and other contaminates on 
the transparency, A n example of a posi-

of an organic resin which polymerizes 
when exposed to ultraviolet light such 
that the resin becomes insoluble in a 
solvent in which the unexposed resin is 
easily dissolved. An example of a nega-
tive-working photoresist is Eastman 
Kodak KPR-2; this is developed in tri-
chloroethylene, a common dry-cleaning 
solvent. 

technique 
T o illustrate the techniques involved in 

producing a printed-circuit board from 
scratch I have photographed the various 
stages in the evolution of a recent project. 
Fig. 1 shows the schematic of the circuit; 
note that the ground and power supply 
leads are not fully drawn in and that the 
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gates and op amps are represented by 
symbols which have minimal resemblance 
to the actual ICs. 

The first step is to redraw the sche-

fig. 3. The size of the printed-circuit board and 
the number of components that it wilt carry are 
determined by selecting the enclosure for the 
project and wiring in those components that 
will not be on the circuit board. 

matic according to the following rules: 

1. Draw a rectangle to represent the pc 
board. Parts which will be external to 
the board should be drawn outside the 
rectangle in the correct relative 
positions. 

2. Completely draw in power supply 
and ground leads. Do not bother to 
minimize lead crossing at this point. 

3. Redraw the integrated circuits as 
shown in fig. 2. 

For Step 2 you need to know the size 
and shape of the printed-circuit board. To 
do this I first install and wire all the 
components not on the printed circuit 
board {see fig. 3). Then it is an easy 

matter to determine the maximum size 
and shape of the board, shown as the 
rectangle in fig. 4. 

If you have the option, choose a board 
which is just large enough to allow 
horizontal mounting of resistors and 
capacitors. If you have not done enough 
bread-boarding of your project and are 
uncertain as to the workability of the 
design leave a little extra room for circuit 
modifications and additions. 

The locations of major components 
such as capacitors, IC sockets and trans-
formers are now determined. Keep in 
mind the positions of the external com-
ponents. Pencil in an outline of the large 
items. 

Step 3 involves redrawing the sche-
matic, replacing all symbols with full-size 
outlines of the components (see figs. 5 
and 6). This must be done accurately; the 
use of graph paper with 0.1-inch grids is 
helpful in maintaining accuracy. The 
actual components should be on hand 
during this step so you can determine if 
all the parts will fit correctly. 

Use pencil. Unless you are working on 
a particularly simple circuit board you 
will probably do a lot of erasing. A set of 
colored pencils is a big help here. The 
finished drawing (see fig. 6) should be 
accurate with regard to component posi-
tions and all drill holes. When you are 
certain everything is correctly placed go 
over the appropriate pencil marks with a 

»s§ 
M S •̂ 

i 

fig. 4. Circuit-board layout is further defined by 
placing the actual components on a graph-paper 
outline of the proposed board. 

September 1971 9 



TRIAC 

fig. 5. After choosing an initial layout begin sketching in the interconnecting wires. Avoid wiring 
crossovers. 

red felt tip marker so the proposed foil 
pattern will show through in the next 
step (see fig. 7). 

Since fig. 7 was drawn as a top view 
the paper must be turned over before 
making the transparancy. A thin sheet of 
acetate or mylar plastic is cut a little 

larger than the board and attached to the 
back of the diagram with masking tape 
(fig. 8). 

the transparency 
At this point you will need some of 

the electronic drafting aids listed in table 

fig. 6. Continue sketching the rest of the circuit layout. Use a pencil — you will probably have to do 
a lot of component re-arranging to eliminate crossovers. 
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fig. 7. When you are satisfied with the layout go over each of the circuit traces with a dark marking 
pen. 

1. A few of these drafting aids are shown 
In the photograph. Bishop drafting aids 
are available in large quantities from 
Bishop Graphics, and in small quantities 
from GC Electronics. It is most eco-
nomical to purchase the most often used 
drafting aids (tape and donut-shaped 
pads) from Bishop Graphics, Trans-pak 

(Chartpak) or Datak, and the less often 
used aids from GC Electronics. The 
dry-transfer drafting aids available from 
Datak are easier to use than conventional 
die-cut patterns and should not be over-
looked. 

The drafting aids are transferred to the 
plastic sheet with a small X-acto knife. 

f ig . 8. F l o p the d r a w i n g over ; t h e m a r k i n g p e n o u t l i n e o f the t races wi l l s h o w t h r o u g h the paper . 
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The donut-shaped pads and similar images 
should be applied first {fig. 9) followed 
by the tape (fig. 10). The tape is cut by 
pressing gently down on the knife, then 
pulling the free end of the tape up and to 
the side. It takes a little practice to cut 
only the tape and not what is below. 
When you finish the transparency inspect 
it carefully to see that it corresponds 
correctly to the circuit. If you are using a 
negative photoresist a contact exposure 
with sheet film will produce a negative 
transparency. 

photoresist application 
Cut the board to size and sand down 

any rough edges. The surface of the board 
should be scrubbed with scouring powder 
until all oil and fingerprints have been 
removed. The surface is then washed with 
a 5 -10% solution of sulfuric or hydro-
chloric acid, rinsed thoroughly with 
running water, and dried with a paper 
towel. 

The clean board should be coated with 
a thin, even layer of photoresist within an 

Drafting aids used in preparing the art-
work for the printed-circuit board. 

table 1. Drafting aids useful in laying out 
printed-circuit boards. Data is arranged by 
catalog number, number of images or feet of 
tape and price. 

GC 
Electronic item Bishop Chartpak Datak GC 
Electronic 

8 lead 
TO-5 
(TO-99) 

6026 
250 
S6.85 

T P C L 11-4 JD-71 
250 1152 
$7.55 S6.50 

21-103 
20 
$1.00 

14 lead 
D I P 
(TO-116) 

6014 
250 
$7.55 

T P C L - 1 2 - 1 
100 
$9.70 

JD-68 
432 
$6.50 

21-120 
16 
$1.00 

.125" 
round 
pad 

D207 
500 
$3.00 

T P C C - 7 2 
250 
$1.00 

JD-124 
4d64 
$6.50 

21-023 
125 
Sl.OO 

.187" 
round 
pad 

D 1 3 8 
500 
$2.00 

T P C C - 7 2 
250 
$1.00 

JD-125 
3120 
$6.50 

21-025 
126 
$1.00 

.250" 
round 
pad 

D 1 0 9 
500 
$2.00 

T P C C - 7 7 
250 
$1.00 

JD-127 
1920 
$6.50 

21-025 
126 
$1.00 

.020" 
tape 

T 2 0 1 ( .020") 
720 
$.75 

TP-1502 
648 
$.70 

21-002 
360 
$.59 

.040" 
tape 

T 2 0 1 (.040") 
$.75 

TP -0401 
$.70 — 

21-004 
$.59 

.080" 
tape 

T 2 0 1 (.080") 
720 
$.75 

TP -0801 
648 
$.70 

— 

21-006 
360 
$.59 

^ V 

Bishop Graphics, Inc., 7300 Radford Avenue, 
North Ho l l ywood, California 91605 

Chartpak Rotex, One River Road, Leeds, 
Massachusetts 01053 

Datak Corporation, 85 Highland Avenue, 
Passaic, New Jersey 07055 

G C Electronics, 400 South W y m a n Street, 
Rockford, I lllnois 61101 

hour of cleaning. There are many ways 
this is done commercially including roller 
coating, spray coating and controlled 
withdrawal. However, for the amateur, 
spin application is the best. 

Spin application consists simply of 
applying a generous amount of photo-
resist to the board and spreading it over 
the copper surface with a medicine 
dropper (fig. 11) then spinning the board 
at 500 to 2 000 rpm for a few seconds. 
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fig. 9. Place the 
r o u n d c i r cu i t p a d s , 

IC sockets and tran-
sistor layouts in the 
correct positions on 
the plastic sheet cov-
ering the reversed 
circuit drawing. 
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The board can be spun with an electric 
drill or small shaded pole motor mounted 
vertically on a small stand. The board is 
attached with a suction cup; a cardboard 
box should be used to catch the spin-off. 

drying 

The drying step is important because 
the photoresist must be dry to function 
properly but it must not be overheated. 

Shipley AZ-111 photoresist can be dried 
in an oven at 150° F (70° C) for five 
minutes. Kodak KPR-2 photoresist re-
quires 20 minutes at 170° F (80° C). 

Both types can be dried under a 
red-filter type heatlamp at a distance of 
about 9 inches for 5 to 10 minutes, using 
the gentle breeze from a fan to prevent 
the board from getting too hot. The 
photoresist can also be dried with a heat 

fig. 10. Connect the 
circuit pads with 
narrow black draft-
ing tape. This is 
y o u r c o m p l e t e d 
printed-circuit lay-
out transparency. 
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lamp while the board is being spun. With 
high-density boards make an effort to 
keep dust and lint off the work to 
prevent short circuits on the finished 
board. 

exposure 

The photoresist-coated board is placed 
in contact with the transparency and 
exposed to a source of ultraviolet light. 
The tape side goes on top unless you 
forgot to turn the paper over in the 
drafting step. To insure that the trans-
parency and the copper-clad board are in 
close contact it is advisable to build a 
frame like that shown in fig. 12. If you 
don't use a frame simply place the 
copper-clad board on a flat surface, 
center the transparency, and place a sheet 
of glass over the combination. 

A sunlamp at a distance of about one 
foot is used to expose the resist.* A fan 
should be used to keep the photoresist 
from getting too hot. The exposure time 

fig. 11. A thin, even coatf photoresist 
is applied to the board by spinning it 
with a drill motor. 

for AZ-111 with the setup shown in fig. 
13 is 15 minutes. 

If you use a different ultraviolet 
source, a different lamp-to-board dis-
tance, or a different photoresist, you will 

•The sun is an excellent substitute. 

have to determine exposure times with 
test strips. To do this you coat a piece of 
scrap board with photoresist, expose it, 
and with a piece of cardboard, cover or 
uncover a new section of board every few 
minutes. Since glass absorbs ultraviolet 
light it is necessary to place a sheet of the 

fig. 12. The circuit transparency and sensitized 
board are held in close contact with a home-
made contact-printing frame. 

same type glass between the lamp and the 
test strip. With a timed test strip you can 
quickly determine the proper exposure 
time for your combination of photoresist, 
sunlamp and lamp-to-board distance. 

When choosing an ultraviolet source 
remember that the more the lamp re-
sembles a point source the greater the 
degree of resolution. It is for this reason 
that fluorescent ultraviolet lamps are not 
completely satisfactory for highly de-
tailed integrated-circuit work. 

R o o m lighting is not critical for Ship-
ley AZ-111. The dried boards can with-
stand up to two hours of ambient fluores-
cent lighting and considerably longer ex-
posure to incandescent lighting. Other 
photoresists such as Kodak KPR-2 and 
Dynachem photoresist2 are less tolerant 
in this respect due to their greater sensi-
tivity. 
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developing 
Shipley AZ-111 is developed by plac-

ing the exposed board in the developer at 
room temperature for about five minutes 
with occasional agitation. If the areas 
where the photoresist was intended to 
dissolve turn purple, your exposure was 

fig. 13. Circuit board is exposed to ultra-
violet lamp for about 15 minutes. Fan keeps 
the photoresist from getting too hot. 

not long enough or your photoresist is 
too old. 

The developer is made by dissolving 
2Va teaspoons of household lye in one 
quart of water (15g/liter).* Use care 
when working with caustic solutions. 
After the board is developed, rinse it with 
cold water; it can now be etched. 

Kodak KPR-2 is developed in tri-
chloroethylene, a common dry-cleaning 
solvent, for about three minutes; work in 
a we 11-ventilated room. After developing, 
dry the board under a heatlamp for a few 
minutes. Do not touch the photoresist 
until it is completely dry (it is very soft 
while wet). 

If you used a negative transparency 
with KPR-2 the board is ready to be 
etched; if you used a positive trans-
parency the areas of copper you want to 
be etched away are covered with resist 

and those to remain are bare. Since the 
circuit would obviously not work if the 
board were etched at this point it is 
necessary to reverse the pattern on the 
board. This is done by immersing the 
board in a commercial electroless tin-
plating solution. (See later section on 
plating solutions.) 

When this is complete the resist is 
stripped off with acetone and a paper 
towel. The areas which are to remain 
after etching are plated with tin while the 
areas to be removed are bare copper. The 
board is now etched in chromic acid since 
it rapidly dissolves copper but does not 
attack tin. 

etching 

Some of the methods used to etch 
printed-circuit boards, according to speed 
and freedom from undercutting, are 

1. Spray etching 

2. Bubble etching 

3. Splash etching 

4. Immersion with continuous agita-
tion or stirring 

5. Simple immersion with occasional 
agitation 

Bubble etching is the most highly recom-
mended method for amateur use as it is 
very fast and does not require complex 
equipment. In ferric chloride at room 
temperature a two-ounce copper-clad 
board requires 60 minutes to etch by 
method 5, 15 minutes by method 4, and 
only 5 minutes with bubble etching. 

A bubble etcher can consist of a large 
ceramic aquarium aeration stone im-
mersed in the etchant and supplied with a 
source of air such as that provided by a 
heavy-duty aquarium pump. The circuit 
board is placed slightly below or on the 
surface of the etchant and inclined so 
there is a good flow of etchant along the 
entire under-surface of the board (figs. 14 
and 15). Do the etching in a well venti-
lated room with a damp cloth over the 
etching tank to catch the spray. The 

•The developer is deactivated upon long ex-
posure to the air. 
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spray from the chromic acid etchant is 
especially hazardous. 

etchants 
A description of most of the etchants 

suitable for amateur use is provided by 
fig. 17. The vertical axis is the etching 
rate relative to cupric chloride; the hori-
zontal axis is the degree to which the 
solution has been depleted by previous 
etching. It can be seen that ammonium 
persulfate is the fastest etchant shown 
and that the etching rate is increased 
considerably by the addition of a trace of 
mercuric chloride. 

This graph also shows that the addi-
tion of hydrochloric acid to ferric chlo-
ride results in a decreased etching rate but 
allows the solution to be regenerated by 
simple overnight aeration. Ammonium 
persulfate often can be purchased from 
local electronics suppliers or from mail 
order houses; ferric chloride can be pur-
chased in liquid form from local elec-
tronics suppliers. However, all etchants 

All etchants are toxic and should not 
be allowed to contact the skin or eyes. 
Remember that you must add acid to 
water, not the other way around. It goes 
without saying that you must keep all 

fig- 15. With the bubble etching technique the 
circuit board is completely etched in about 5 
minutes. 

fig. 14. Circuit board is etched in large 
non-corrosive container. Oblong object 
under the circuit board is a ceramic 
aquarium aeration stone. 

can be made much less expensively than 
they can be bought; the ingredients can 
usually be obtained from chemical supply 
houses in the larger cities. Buy the most 
inexpensive grade available, usually called 
technical. 

chemicals out of the reach of children. 
Cupric chloride is my favorite etchant. 

Although it is slower than the others it is 
less expensive and is easily regenerated. 
Bubbling air gently through the solution 
for a few hours or overnight and an 
occasional addition of water and hydro-
chloric acid results in complete regenera-
tion of the solution. Thus, after etching a 
few boards you end up with more etchant 
than you started with. 

You will note that after etching a 
board the cupric chloride solution is quite 
dark. Aeration is complete when the clear 
yellow-green color reappears. Add 150 
milliliters of concentrated hydrochloric 
acid and 350 milliliters of water to the 
etchant after using 1 liter to etch 400 to 
500 square centimeters (approximately 
70 square inches) of 2-ounce copper-clad 
circuit board. 

plating 
To obtain maximum corrosion resist-

ance and solderability the photoresist 
should be stripped off with acetone and a 

16 E S September 1971 



paper towel, the copper areas cleaned 
g e n t l y w i t h a c leanser , a n d t h e c i r c u i t 

board immersed in an electroless tin-
plating bath; nickel and gold are possible 
substitutes for the tin. You may want to 

catch to an otherwise beautiful story is 
that there does not appear to be an 
electroless tin bath which is stable, plates 
at room temperature, and produces a 
shiny, thick and pore-free deposit. 

fig. 1 6 . C o m p l e t e d pr inted-circul t board . 

plate edge-connecting circuit boards with 
gold because of its high corrosion resist-
ance. Unfortunately, Shipley gold- and 
nickel-plating solutions are presently 
available only in large quantities.* 

Note that if you use a positive-trans-
parency — positive-resist or negative-
transparency — negative-resist combina-
tion you may plate before resist applica-
tion or after etching. If you don't have 
confidence in your abilities as a chemist 
and choose not to plate, leave the photo-
resist on since it affords good corrosion 
protection and makes soldering only 
slightly more difficult. 

electroless plating solutions 
Electroless plating solutions are avail-

able which will plate a variety of metals 
at reasonable rates onto copper and cer-
tain other metal surfaces, or onto pre-
treated nonmetallic surfaces. No dc 
power is necessary as the solutions con-
tain a reducing agent which chemically 
reduces the metal ions to the free metal 
at the solution-substrate interface. The 

•Gold plating, Shipley EL -221 gold, $24.50 per 
gallon. Nickel plating, Shipley N L - 6 3 , $19.00 
per gallon. Shipley Company, Inc., 2300 Wash-
ington Street, Newton, Massachusetts 02162. 
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A m m o n i u m persuifate: 240 grams ammonium 
persulfate per liter (plus 
10 milligrams mercuric 
chloride) 

Chromic acid: 

Ferric chloride: 

Ferric chloride plus 
hydrochloric acid: 

Cupric chloride: 

200 grams chromium 
trioxide and 200 mil-
liliters concentrated sul-
furic acid per liter 

600 grams ferric chlo-
ride per liter 

600 grams ferric chlo-
ride plus 300 milli-
liters concentrated hy-
drochloric acid per liter 

100 grams cupric chlo-
ride plus 300 milli-
liters concentrated hy-
drochloric acid per liter 

fig. 17. Etching rates of various etchants vs 
depletion of etchant, square centimeters of 
2-ounce copper-clad board etched per liter of 
etchant. 

A common electroless tin-plating bath 
which will produce a fairly shiny, if thin 
and porous, tin plate at room tempera-
ture consists of % gram teaspoon) 
stannous chloride, 2 grams (Ys teaspoon) 
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thiourea, and 3 grams (14 teaspoon) 
sulfamic acid dissolved in 100 milliliters 
(% cup) of water. Five milligrams of 
either alizarin or alizarin red S may be 
added as a brightener if desired. 

Materials for an electroless tin-plating bath. 

This bath is unstable and only enough 
should be prepared at one time to cover 
the surface of the work to be plated. 
Plating time is 10 to 20 minutes. The 
bath does not produce deposits thick 
enough to withstand chromic acid and 
thus is not suitable for positive-mask — 
negative-resist — tinplate applications. For 
thick corrosion-resistant tinplate you 
must go to electroplating or high-temper-
ature electroless tin baths. An example of 
the latter is Shipley's LT-27 tin (evalua-
tion kit, $8.50). This bath is operated at 
150-180° F with plating times of five 
minutes; bath makeup requires concen-
trated hydrochloric acid. 

ground-plane circuit boards 

In those instances where a good 
ground is necessary or where feedback 
may be a problem it is recommended that 
you use a ground-plane board. This can 
be done quite simply by using a two-sided 
copper-clad laminate and not etching one 
side. To prevent component leads from 
shorting to the ground plate it is neces-

*S&H Electronics, Post Office Box 286, Cor-
vallis, Oregon 97330. 

sary to make a guard ring around each 
hole. This can be done either by routing 
with a drill or by photoresist techniques. 

When working with uhf circuits it may 
be advantageous to combine ground-plane 
printed circuits with a recently intro-
duced form of point-to-point wiring. The 
ground lead of a component is soldered 
directly to the ground plane; the other 
leads are connected either point-to-point, 
to stand-offs, or to islands of copper 
isolated from the ground plane. Pieces of 
circuit-board may be soldered edge-on to 
the ground plane to serve as shields or as 
mounts for coil forms and variable 
capacitors. 

materials 

There is a considerable amount of high 
quality double-sided G-10 copper-clad 
board on the surplus market. Don't buy 
new printed-circuit board unless you are 
willing to pay about three times the cost 
of surplus material. 

Kodak photoresists are available from 
local Kodak distributors ($14.30 per 
quart for KPR 2). Kodak Autopositive 
photoresist type 3 ( KAR 3) is a positive-
working photoresist comparable to Ship-
ley AZ-111. (KAR 3 is $24.55 per quart; 
developer is $3.95 for 2 gallons.) 

Shipley AZ-111 photoresist can be 
obtained from S&H Electronics* in quan-
tities of 1 fluid ounce for $2, or direct 
from Shipley for $22 per quart. Large 
radio clubs might buy a quart and distri-
bute the material to the membership. The 
shelf life of AZ-111 is one year at room 
temperature, two years if refrigerated. 
(Do not store in your home refrigerator if 
you have children who might mistake the 
photoresist for steak sauce.) 

references 
1. "Printed-Circuit Handbook," G C Electronics, 
available from G C Distributors. 
2. Thomas R. Rosica, "Making PC Boards from 
the Printed Page," Popular Electronics, 
October, 1968, page 69. 
3. "Photofabrication of Printed Circuits," East-
m?n Kodak publication P-125, $1.00 from 
Department 454, Eastman Kodak Company, 
Rochester, New York 14650. 
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The purpose of this article is to pass 
along my experiences and some ideas on 
the evolution and construction of an 
80-meter top-loaded vertical antenna. To 
keep things in chronological order, I'l l 
start with the simple vertical wire I first 
put up. It consisted of a 60-foot length of 
no. 12 wire suspended from an insulator 
attached to the limb of a tree. The top of 
this antenna was 65 feet above ground. 

ground losses 

All antenna literature states that a 
good ground system is necessary for a 
base-excited %-wave vertical. Therefore I 
laid out 24 radials around the antenna 
base. Each radial was no. 12 wire 66 feet 
long. But is this a good ground system for 
80 meters? I thought so, and friend 
W2LV agreed it was the best I could do 
under my circumstances. However, 
W2LV kept mentioning ground losses and 
finally provided the information in table 
1. This data doesn't exactly f i t my case, 
but it is representative and based on a 
vertical radiator of 0.2 wavelength. The 
data goes back to the 1930s wher 
broadcasters were interested in standard 
for antennas with vertical propagatior 
angles. 

The interesting thing about the data i< 
that if the radials are too short, say 0.1E 
wavelength, they don't do much good. 
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impedance matching 
Using a GR 916A rf bridge, I made 

measurements between the antenna and 
ground system. Antenna characteristics 
are shown in fig. 1. A pure resistance of 
57 ohms appears at 3.65 MHz. I wanted 
the antenna to resonate at 3.8 MHz, but 
at this frequency the impedance was 63 + 
j36 ohms, which is equivalent to an swr 
of 2. This indicated that some kind of 
matching arrangement was necessary. 

The series-resonant circuit shown in 
fig. 2A was constructed and installed in a 
plywood box, then mounted on a short 
post at the bottom of the antenna wire. 
The 50-ohm tap point for the coax cable 
was determined using a homemade 
bridge.1 A point on the coil producing a 
zero indication could not be found, so 
the arrangement of fig. 2B was used. The 
tap and capacitors were carefully adjust-
ed to give a null. (Incidentally, I found 
from experience that it's prudent to 
check an impedance bridge with a carbon 
composition resistor to make sure every-
thing is working properly.) 

The transmission line was connected, 
and the transmitter was fired up. An swr 
of 1.2 (at 3.8 MHz) was obtained at the 
transmitter end with an swr bridge. 

fig. 1. Measurements of the initial 80-meter 
'A-wave vertical suspended from a tree limb. 
Desired resonant frequency was 3.8 MHz. 

table 1. Ground loss in radials for vertical 
antennas. 

no. radials radial wavelength percent ground 
loss 

30 0.4 23 
30 0.15 41 
60 0.4 10 
60 0.15 38 

120 0.4 2 
120 0.15 35 

Results were interesting. Close-in sig-
nals (200-300 miles) were weak on the 
vertical compared to a horizontal anten-
na. Signals further away were about equal 
in amplitude on either antenna. DX 
signals (Europe, Hawaii) were stronger on 

o © 
fig. 2. Tuned circuits for resonating the initial 
version of the vertical. Circuit at B produced an 
swr of 1.2 at the desired operating frequency. 

the vertical. I worked 23 countries on 
80-meter phone in the 1969 ARRL DX 
test with the vertical. 

top loading 

Flushed with success, my next objec-
tive was to improve the efficiency of the 
vertical by moving the current loop away 
from ground. Top loading seemed to be 
the answer. 

After reading the early articles 2 , 3 , 4 

the installation shown in fig. 3 evolved. 
Although top loading can be accomplish-
ed with a ball, cylinder, or disk, the latter 
seemed the easiest to build. A chart2 of 
capacitance vs. disk diameter showed that 
a disk six feet in diameter would give a 
capacitance of 61 pF. The only reason I 
picked six feet was that it was a nice 
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number and I felt the bigger the better. I 
had reason to regret this decision, which 
I'll now explain. You'll notice from fig. 3 
that a pulley arrangement is used to raise 
and lower the antenna, Such a method is 
convenient and saves climbing during 
tuning adjustments. However, be sure the 
vertical path is free of obstructions for 
the whole diameter of the disk! I had a 
fearful journey up the tree cutting down 
branches which crisscrossed the six foot 
imaginary ©ylindgf thr©ygh whieh the 
disk has to pass, There were times when I 
wished that a 'Mootediameter disk had 
been used, 

capacitive hat 
The disk was made by using two 

six-foot lengths of 1 x 2 inch wood in the 
form of a cross. A circle of %-inch copper 
tubing was supported on standoff insu-
lators at the ends of the cross; and £4 no. 
12 wires were connected from the out-
side to the center of the disk (fig. 4). 

loading inductance 
Knowledge of the disk capacitance is 

necessary to obtain a ballpark figure for 
the loading-coil inductance. An induct* 
ance of 29 (JLH was required to resonate 
the system at 3.8 MHz with the 61-pF 
disk. 

fig. A. Construction details of the capacjtjye 
hat. The copper tubing j$ flattened and 
attached to a standoff insulator as shown in 
the inset. 

The coil was from some surplus equip-
ment. It has a 3-inch-diameter ceramic 
form with 331/a turns of no. 12 wire 
spaced the diameter of the wire, with an 
overall inductance of 44 /iH. This coil, 
with provisions for shorting out turns, 
was mounted as shown in fig. 3 and the 
whole thing hoisted in the air. 

Now, how {Jo you tune the coil to 
bring the antenna intg resonance at the 
desired operating frequency? The old 
QST articles stated that th§ field strength 
pf the jantenna should be mqnitored at a 
distance greater than 300 feet. A point is 
regghgd When ^eGfegsiflf ffrg coil induct-
ance gauses th,e field strength to flrop off. 
Ypu then go back a few turns and there 
you §re. 

Such a method vyprks but it ^doesn't 
seem very scientific. Since J had an 
impedance bridge available I decided to 
do it properly. 

Unfortunately the impedance bridge 

fig. 3. The anjtenna yyjth a capacitive hat for 
top loading. The disk was six feet in 
diameter, but a smaller disk could have been 
used with a larger tuning inductance. 

22 US September 1971 



measured only to about 1200 ohms, and 
the base of a properly tuned top-loaded 
vertical is probably several thousand 
ohms. It was necessary to have some 
means of using the bridge while adjusting 
the coil turns to produce a pure resist-
ance at the base of the antenna, which 
would be in the range of the rf bridge. If 

o © e 
fig. 5. Current distribution on three 
vertical antennas. The tuned circuit at C 
simulates '/« wavelength. 

a pure resistance is obtained at the 
antenna base, the antenna is in resonance. 

measurements 

Let's pause a minute to look at the 
problem. Fig. 5 shows several conditions 
of current distribution. A is that of the 
quarter-wave vertical, B a half wave verti-
cal, and C a top-loaded quarter-wave 
vertical to simulate a half wavelength. If 
we could put our measuring equipment at 
the top of the antenna, a low-impedance 
point would be available at point X; not 
very practical. 

W2KXD pointed out that the same 
objective could be accomplished at 
ground level by using a quarter-wave 
extension as shown in fig. 6. The quar-
ter-wave coax will translate the high 
impedance at the antenna end to a very 
low impedance at the bridge end of the 
coax. The bridge measurement wil l show 
a pure resistance when the antenna is at 
resonance. I believe this method of tun-
ing the coil of the top-loaded vertical is 
novel. 

Don't let the mention of a General 
Radio rf bridge scare you off if you don't 
have one available. The rf bridge describ-
ed in Reference 5 will work very well. 
The quarter-wave coax length was deter-
mined by measuring its input with the 
output open circuited, and cutting until a 
pure resistance input was obtained. Be-
fore connecting the antenna, I took the 
precaution of inserting a 50-ohm carbon 
composition resistor across the bridge. It 
read 49.5 ohms, so I knew my setup was 
correct. With the total coil in use, a 
reading was taken at 3.5 and 4.0 MHz 
with the following results: 

3.5 MHz Z = 1.0 + jO ohms 

4.0 MHz Z - 1.5 + j 12.1 ohms 

The pure resistance at 3.5 MHz indicated 
that the antenna was resonating at that 
frequency, but 3.8 MHz was desired. 

The antenna was lowered and eleven 
turns shorted out on the coil. After 
pulling the antenna back into place, the 
measurements then became: 

freq impedance 
(MHz) (ohms) 

3.5 1 — j7.1 
3.6 1 . 3 - j 4 . 2 
3.7 1 . 3 - j 2 . 7 
3.8 1.7 - jO 
3.9 1.7 +j2.7 
4.0 1.5 + j5.0 

Resonance is indicated at 3.8 MHz, 
just where I wanted it. To further test the 
procedure, 23 turns were shorted out 
with the following results: 

freq impedance 
(MHz) (ohms) 

3.5 2 . 5 - j 1 1 . 4 
3.6 2 . 0 - j 9 . 7 
3.7 2.2 - j4.0 
3.8 2 . 3 - j 2 . 6 
3.9 2.2 - j2.0 
4.00 2 . 2 - j 1.2 
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It can be seen that resonance is above 
4.0 MHz. Therefore the 11-turn tap point 
was correct. 

Since there was now a high impedance 
at the base of the antenna, a parallel-tun-
ed circuit was used as shown in fig. 7 and 
adjusted as previously described. 

After reconnecting everything, the 
transmitter was fired up. The swr bridge 
at the transmitter end showed the follow-
ing readings: 

way I had hoped it would, and I wanted 
to do some more testing. 

current distribution 
One nice thing about having a project 

and friends is the interesting discussions 
one can get into. W2LV suggested that I 
get rid of the coil and just use the disk. 

frequency 
(MHz) 

3.5 
3.6 
3.7 
3.8 
3.9 
4.0 

swr 

almost full scale 
3.3 
1.4 
1.2 
1.5 
3.0 

A check on the receiver showed that 
locals were way down compared to those 
on the half-wave horizontal, and equal 
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fig. 7. Parallel-resonant circuit for tuning 
the final configuration. 

fig. 6. Using a V4-wave extension 
of coaxial cable to get the low-
impedance point near ground 
level for convenience in making 
measurements. 
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signal strength between the two antennas 
appeared to be at about 1000 miles. The 
vertical was used on 80 meters during the 
1969 phone CQ DX contest with good 
results. I had the intuitive feefing, how-
ever, that I could work DX stations just 
as well with the half-wave horizontal, 
because received signal strengths seemed 
to be the same. It was not working the 

his feeling being that the coil is a loss 
unless it's wound with %-inch copper 
tubing, silver plated. 

W2LL suggested that I solder a bunch 
of Christmas tree lights along the antenna 
and see if the current distribution was 
correct, then I could leave them up for 
the holiday season. 

One never knows quite when to be-
lieve W2L.L, but his suggestion fired my 
imagination. A dozen 2-volt, 60-mA 
bulbs were purchased and spaced every 
five feet along the 60-foot wire. There 
was some discussion on how far to tap 
the bulbs across the wire, but little 
objection to my suggestion of 5 inches. 
Having the antenna on the pulley made it 
easy to lower it, disconnect it, roll it up, 
and take it indoors to work on. The next 
evening, with the bulbs in place, the 
antenna was reconnected and hauled into 
position. It took 1 kW of power to light 
the lamps to proper brilliancy. 
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final adjustments 
I looked at the lights from all angles 

and several distances, trying to figure 
out a way to record their brilliance 
quantitatively. How do I get at a point 
equally distant f rom each light? Can I 
photograph them? 

TO CURRENT) 

Q INITIAL LOADING COIL AT 3.8 MHz 

Q INITIAL LOADING COIL AT 15 MHl 

^^ MOOIFIED iOAOING COIL AT 3.8 MHz 

Q PLAIN VERTICAL AT 38 MHl 

fig. 8. Results of tests using small lamps 
to determine current distr ibution. 

The final solution was to pick out the 
brightest lamps, and those above and 
below that point were grouped as to 
equal brilliance. Very crude of course; 
but if you are there, you know what's 
happening. A plot of what I saw of the 
current distribution on the top-loaded 
%-wave vertical antenna is shown in fig. 8 
for 3.8 MHz. The lamps at 1 show a 
current loop about % of the way to the 
top of the antenna. The transmitting 
frequency was increased to 4.0 MHz wi th 
results approximately the same. The 
transmitter frequency was then reduced 
to 3.5 MHz, and the lamps assumed a 
relative brilliance as shown by 2. 

The next step was to lower the anten-
na, short out the total loading coil, and 

pull up the antenna. With the trans-
mitt ing frequency returned to 3.8 MHz, 
the relative current distribution appeared 
to be as at 2. 

The light presentations for the differ-
ent displays agree with theory except for 
the 1 readings; the maximum brilliance 
should be at the top. 

Down came the antenna, and coil 
removed. The coil Q measured 290 and 
had an inductance of 23juH. (The same 
coil wi th the shorted turns unshorted had 
a Q of 400 and an inductance of 44 IJLH.) 

Turns were removed from the coil to 
return its inductance to 23/uH. This not 
only improved the Q of the coil by 
eliminating the shorted turns, but im-
proved its form factor as well. The final 
Q of the coil at 3.8 MHz was 480; a 165% 
improvement over the original value. 

The coil was reinstalled in the antenna 
and the lights inspected. The dashed line, 
3, of fig. 8 shows the improvement in the 
current distribution. I have no doubt that 
W2LV is correct in suggesting the use of 
%-inch copper tubing for the coil — or 
better yet eliminating it — but the im-
provement one way or the other seemed 
marginal. 

conclusions 
I've attempted to pass along my expe-

riences and some ideas on the evolution 
and design of an 80-meter top-loaded 
vertical antenna. You might say that my 
results were inconclusive since top load-
ing gave no better results than base 
loading. However, top loading does get 
the current loop at the highest point of 
the antenna. If that's what you want, 
now you know how to do it. 
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frequency 
synchronization 

for 

scatter-mode 
propagation 

A frequency standard 

that can be used 

by vhf/uhf stations 

to precalibrate 

receiving systems 

Vhf and uhf stations attempting to com-
municate via the more exotic types of 
propagation (meteor scatter, moon-
bounce, tropo scatter, etc.) require close 
synchronization in two areas: time and 
frequency. 

the frequency sync problem 

Time synchronization is generally not 
a problem. WWV, CHU, and other sources 
provide a time reference accurate enough 
for most communications. Accuracy of 
the receiving and transmitting frequencies 
is quite another matter, however. 

Most moonbounce and meteor scatter 
work requires an extremely narrow i-f 
bandwidth (100*500 Hz) to enhance the 
effective signal-to-noise ratio of the re-
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ceiving system. Setting this extremely 
narrow window accurately on the desired 
receiving frequency is difficult at best. At 
432 MHz, 100 kHz represents a fre-
quency accuracy of 2 x10 s percent! 
Most standard crystal calibrators or signal 
generators have inherent accuracies at 
least 100 times worse than this, not 
considering temperature variations. In 
addition, most receiving systems use at 
least one frequency conversion with a 
crystal-controlled local oscillator, result-
ing in another frequency error; namely, 
the accuracy and frequency stability of 
the crystal in the converter local oscil-
lator. Multiple frequency conversion 
systems, commonly used above 420 MHz, 
are proportionately worse. Even a well-
equipped vhf-uhf amateur station has the 
capability to calibrate only the station 
receiver, not the entire receiving system. 
As a result, most scatter-mode communi-
cation failures occur because one station 
or another is listening on the wrong 
frequency'. This has happened on occa-
sion to even the most proficient oper-
ators. 

temperature compensation 

One possibility that comes to mind is 
to temperature compensate all frequen-
cy-determining components in the system 
and perform a one-time calibration, as-
suming all components do not drift or age 
with time or temperature. Experience has 
shown this to be a poor assumption; 
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periodic recalibration of all test and 
measuring equipment is standard practice 
in industrial and military establishments. 
In addition, most amateurs don't have 
access to frequency counters or sophisti-
cated lab equipment. 

frequency standard 
Some sort of periodic frequency-

calibration method is therefore necessary 

fig. 1. Suggested fre-
quency standard for 
v h f / u h f m o o n -
bounce and tropo 
scatter work. Unit 
would be used by 
par t ic ipat ing sta-
tions on a sharing 
basis to assure fre-
quency synchroniza-
tion before sched-
uled contacts. 

for stations involved in moonbounce or 
meteor scatter work. A frequency-stand-
ard source is a necessity; a typical source 
is outlined in fig. 1. This frequency 
standard is crystal controlled, tempera-
ture stabilized and compensated,* and 
voltage regulated to provide extremely 
stable frequency markers on 144, 432 
and 1296 MHz. A James Knight type 
JKTO-23 oscillator module at 48 MHz 
provides the basic frequency stability. 
The oscillator alone produces enough 
output to calibrate most receiving 
systems on these frequencies and allows 
calibration of the transmitting frequency 
by comparison on the station receiver. 
The addition of amplifier, multiplier 
and/or attenuation stages is optional, 
depending on individual needs and de-
sired f lexibi l i ty. 

other uses 
If calibrated on a power-output basis, 

the unit may also be used for system 

* Readers wishing to build their own crystal 
ovens will find an interesting proportional 
temperature control scheme in reference 1. 
editor. 

sensitivity or antenna testing. A calibrator 
such as this is a worthwhile accessory and 
could, theoretically, be adjusted to ex-
treme accuracy by comparison wi th an 
NBS traceable standard. However, in-
dividual construction and use of a similar 
calibrator would only introduce addi-
tional errors between stations (even com-
mercial standard frequency counters have 
been known to dri f t out of calibration). 

Therefore, since most moonbounce, 
meteor scatter, and tropo work is gener-
ally conducted on a schedule basis be-
tween a small number of stations whose 
operators are known to each other, it is 
proposed that one particular frequency 
standard be constructed and circulated 
via parcel post among these operators 
immediately before planned schedules. 
Each operator could then use the same 
standard to calibrate his receiving (and 
transmitt ing) equipment before the 
schedule, thus increasing his chances of 
success. 

Even if the standard had some long-
term frequency dr i f t , the stations using it 
would still be on the same frequency, 
regardless of whether that frequency were 
432.0001 or 431.9999 MHz. 

I hope the foregoing proposal wi l l be 
of value to fellows involved in vhf/uhf 
work and promote more successful con-
tacts on the bands above 144 MHz. 

reference 
1.J. A. Koehler, VE5FP, "Proportional Tem-
perature Control for Crystal Ovens," ham radio, 
January, 1970, p. 44. 
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high power 

injection lasers 

More on the 

characteristics and 

driving requirements 

of these 

remarkable 

little lasers 

With the continuing crowding of the 
radio spectrum it is likely, indeed proba-
ble, that forms of communication more 
esoteric than radio wil l eventually have a 
genuine usefulness to the amateur. Likely 
contenders are millimeter waves and 
optical links; the latter category is already 
within easy reach of today's amateur. It is 
the purpose of this article to review in 
detail some of the important character-
istics of the diode laser and to provide 
some circuit information for driving high 
power units. 
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characteristics 
Laser diodes are moderately expensive 

and relatively fragile electrically. Invented 
at almost the same t ime by three differ-
ent research laboratories (GE, IBM and 
MIT) in the fall of 1962, the first devices 
were formed by the diffusion of zinc into 
n-doped wafers of gallium arsenide 
(Ga-As), the material still most commonly 
used for semiconductor lasers. 

Mechanical polishing of GaAs ingots or 
cleavage along crystalline planes {the pre-
ferred technique for commercial devices) 
produces the two end mirrors necessary 
for formation of the lasing cavity. Lasing 
occurs when electrons which have been 
stimulated to a high energy level to cross 
the pn junction fall back to the ground 
state. In the process their stored energy is 
given of f as a photon of light (though 
other emissions may occur on a less 
frequent basis). 

The emission of photons may be 
stimulated by other photons, hence 
setting up a chain reaction situation and 
the condit ion of stimulated emission. It is 
the stimulated emission of radiation that 
results in the production of quasi-co-
herent light. 

Since the laser diode has very high gain 
the length of its cavity may be very 
short — only 10 or 15 thousandths of an 
inch. This is fortunate as the threshold 
for lasing, which is dependent on the 
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diode's surface area, would be prohibi-
tively high if a lengthy cavity were 
required for proper operation. 

Though there are many possible con-
figurations for experimental laser diodes 
commercial devices are either diffused or 
epitaxial. Epitaxial devices consist of two 
structures, homojunction and heterojunc-
tion. A s the name might indicate the 
former is a straight GaA s epitaxial diode. 
The heterojunction, however, is formed 
with one side of the junction being 
composed of gallium a luminum ar-
senide ( G a A I A s ) a material similar in 
characteristics to GaAs. 

Since the index of refraction of 
G a A I A s is higher than that of G a A s light 
radiating f rom the junction is subjected 
to a waveguiding effect with a resultant 
increase in laser efficiency. The magni-
tude of this increase in efficiency can be 
illustrated by comparing the lasing thresh-
old for a diffused and a heterojunction 
laser, typically 100,000 amps/cm 2 and 
10,000 amps/cm 2 , respectively. 

cw lasers 

One device which is still in the labora-
tory is the double heterostructure laser. 

Both injection lasers (left) and Krytron 
tubes (right) are quite small. The laser 
shown here Is an R C A T A 7 6 9 9 , a moder-
ately high-power unit with typical 
optical output of 23 watts. 

Invented at Bell Telephone Laboratories 
in the summer of 1970, this is the first 
semiconductor laser to operate continu-
ously at room temperature. A significant 
lowering of the lasing threshold to 2,000 
amps/cm2 resulted in this achievement. 
A s the name implies, the double hetero-
structure device has a layer of G a A I A s on 
either side of a central G a A s region. The 
enhanced waveguiding effect of the two 
G a A I A s layers helps to lower the lasing 
threshold. 

of the parallel reflecting ends. 

Though the new cw-at-room-tempera-
ture devices are not yet available commer-
cially, their development is reported here 
because of their obvious application to 
voice communications. The ease with 
which these devices can be modulated 
greatly reduces the complexity and ex-
pense of both driving and receiver cir-
cuitry. 

L i k e most semiconductors, laser 
diodes are sensitive to extremes of 
temperature and operating current. The 
lasing threshold is greatly dependent on 
temperature as shown in fig. 2. The 
sometimes subtle change from room to 
outdoor temperature can reduce the 
lasing threshold to the point where degra-
dation can occur if the laser is operated at 
a current level suitable to the former 
condition. 

Engineers at Holobeam, Inc. have de-
signed a laser voice communicator with a 
feedback loop incorporating a thermistor 
in intimate contact with the laser to 
alleviate the problem. The thermistor 
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senses temperature changes and reduces 
laser current appropriately when tempera-
ture decreases. 

high-current drivers 
A previous article in ham radio pro-

vided information on driving lasers with a 
low to medium operating current.1 How-
ever, lasers are currently manufactured by 
several companies which require 150 or 
more amperes for optimum operation. 
IBM has one single laser diode which 
radiates as much as 50 watts peak optical 
power from each end when driven by 300 
amp pulses <100 nsec pulse width). 

Though laser arrays capable of deliver-
ing up to 300 watts are available off the 
shelf from both RCA and Laser Diode 
Laboratories (and other companies as 
well) the ease with which a single diode 
laser may be collimated makes high 
power devices attractive candidates for 
long-range optical communication experi-
ments. 

It is difficult to design semiconductor 
drivers for producing currents greater 
than 100 amps. Hunt has mentioned 
SCRs that can switch currents of this 
magnitude;2 and Brown, et a/ have pre-
sented an interesting driver consisting of a 
parallel arrangement of avalanche tran-
sistors which produces 200-amp pulses.3 

An elegant solution to the problem of 
generating high current pulses is the 
miniature cold-cathode krytron (which 
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fig. 2. Effect of temperature on injection 
laser characteristics. 

should bring a chuckle from the anti-
semiconductor club). Krytrons* achieve 
extremely rapid switching times when 
discharge is initiated between cathode 
and anode. The discharge, which propo-
gates through a gas under low pressure, is 
normally initiated by a positive pulse on 
the grid. 

The circuit shown in fig. 3, which is 
similar to one developed by Sullivan, is 
capable of delivering pulses with an am-

ies 

sw 

fig. 3. 2000-amp injection laser driver. Keep all 
leads carrying high current as short as possible. 
A unijunction-transistor oscillator will provide 
the positive-going input pulses. 

plitude of up to 2,000 amps!4 In opera-
tion, the eight 0.002-juF capacitors are 
charged through a resistor of several 
hundred thousand ohms until the krytron 
is triggered on by a positive pulse at the 
grid. The high voltage stored in the 
capacitors is then dumped through the 
krytron, laser and the 1-ohm resistor. The 
resistor permits the 50-nsec pulse to be 
monitored with a fast oscilloscope (since 
the resistor's value is 1 ohm, volts dis-
played on the scope equal current in 
amps through the laser). 

Because of the inductance contributed 
by component lead lengths the pulse 
generator discharge section is actually an 
RCL circuit. To optimize the circuit's 
pulse shape L should be decreased as 
much as possible by reducing lead lengths 
to the absolute minimum. Otherwise the 
circuit's pulse will include negative com-
ponents, be quite ragged in appearance 
and quite likely be lengthened. 

•Made by EG&G, 160 Brookline Avenue, 
Boston, Massachusetts 02215. 
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Of course, 2,000-amp pulses are over-
kill when it comes to driving lasers 
requiring from 100 to 300 amps. Peak 
current can be reduced to these lower 
values simply by lowering the charging 
voltage and/or slightly increasing the re-
sistance of the current monitor. Peak 
current can be calculated from known 
component values, but because of the 
significant influence of undesirable strays, 
it is helpful to make actual current 

as possible. 

measurements with an oscilloscope using 
a conventional junction diode for a load. 
(To protect the laser diode it should be 
connected into a driving circuit only after 
peak current is known.) 

The circuit in fig. 3 may be operated 
at pulse repetition rates of up to 1000 
Hz. Although fig. 3 is preferred for 
applications requiring current adjust-
ments, such as when a variety of lasers are 
to be used, the circuit in fig. 4 is perfectly 
adequate for experimental work. Adapted 
from a design by Koechner,5 the circuit is 
a simple free-running relaxation oscil-
lator. Positive bias on the grid pre-ionizes 
a portion of the gas in the krytron and 
prepares the tube for firing. When the 
voltage stored in the 0.01-juF capacitor 
becomes sufficiently high to fire the 
krytron, the capacitor discharges through 
the tube, the 1-ohm resistor and the laser 
diode. The 1-ohm resistor serves as a 
current-monitoring point as in the pre-
vious circuit. 

With the values shown in fig. 4 the 
circuit will produce a 50 nsec, 75 amp 

pulse at a repetition rate of about 200 
pulses per second. If lead lengths between 
all components carrying the current pulse 
are kept short very clean pulses will be 
obtained. The circuit is ideal for driving 
moderately high power single laser 
diodes; suitable alterations of appropriate 
component values will permit very high 
power single lasers, such as the I B M series 
and the R C A TA7705 and TA7787, to be 
driven as well. Modifications are easily 
accomplished with the help of a fast 
o s c i l l o s c o p e . Serious experimenters 
would be well advised to consult Koech-
ner's very complete paper for additional 
help; his theoretical treatment is ex-
cellent. 

power supplies 
I have had good results operating both 

circuits with a miniature dc-dc converter. 
There are numerous ways of designing 
and building dc-dc converters; with the 

The circuit of fig. 4 yields an excellent 
pulse. Calibration is 100 nsec per horizontal 
division and 50 amps per vertical division. 

numerous references available there is no 
need to describe a particular circuit here. 
Suffice it to say that a transistorized 
blocking oscillator with an appropriate 
step-up transformer followed, perhaps, by 
a voltage multiplier will permit a krytron 
laser driver to operate from a small 3-volt 
battery. 

High-voltage photoflash batteries may 
be used to obtain the several hundred 
plus volts necessary to operate a laser 
driver, but the miniature size of the dc-dc 
converter makes it a very attractive power 
source, particularly for field experiments. 
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Additionally, the dc-dc converter is a 
one-time investment in contrast to high-
voltage batteries. Regardless of the power 
source you choose be sure to follow all 
precautions that normally apply to high 
voltages. Size is deceiving — batteries and 
miniature dc-dc converters are capable of 
delivering healthy shocks. 

With an impressive background of mili-
tary contracts in the semiconductor laser 
business RCA offers, at present, the best 
buys for the experimenter in high-power 
single laser diodes. For low- to moderate-
power lasers, try any of the companies 
except IBM. By the way, don't hesitate to 
write to the manufacturers for more 
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Injection laser drivers and power supplies can be easily miniaturized. The dc-dc converter (top) can 
supply up to 600 volts and will operate the laser driver (below) when powered by a 3-volt battery. 
The cube of 0.1-ohm resistors provides an especially low-inductance current monitor. These units 
were developed by the author for use in a small racket. 

parts suppliers 
Only a few companies manufacture 

laser diodes for commercial sale. Low- to 
moderate-power lasers are made by Laser 
Diode Laboratories, RCA, and Texas In-
struments.* Monsanto no longer manu-
factures lasers, but according to its latest 
data sheets still stocks several types. 
Sperry makes a relatively low cost laser, 
but production was halted as this article 
was being written. High-power single laser 
diodes are made by IBM and RCA. 
High-power arrays which generally do not 
require very high driving currents are 
made by Laser Diode Laboratories and 
RCA. 

information; most of them will gladly 
supply very good data sheets and price 
and delivery schedules. 

For practical communications experi-
ments a simple lens arrangement is neces-

* Injection lasers are manufactured by: IBM 
Corporation, Federal Systems Division, 18100 
Frederick Pike, Gaithersburg, Maryland 20760; 
Laser Diode Laboratories, 205 Forrest Street, 
Metuchen, New Jersey 08840 ; Monsanto Com-
pany, Electronic Special Products Division, 
10131 Bubb Road, Cupertino, California 
9 5 0 1 4 ; RCA Electronic Components, 4 1 5 
South Fifth Street, Harrison, New Jersey 
0 7 0 2 9 ; and Texas Instruments, Inc., Semi-
conductor Components Division, Post Office 
Box 5474 , Dallas, Texas 75222 . 
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sary to collimate the laser beam. RCA has 
an excellent brochure6 which touches on 
optics. Edmund Scientific Company {600 
Edscorp Building, Barrington, New Jersey 
08007) stocks a wide variety of plano-
convex and double-convex lenses which 
wil l permit the fairly broad beam from a 
laser to be narrowed to a few tenths of a 
degree. To capture all the light emitted 
by a typical laser choose a lens whose 
focal length is approximately equal to its 
diameter {near f /1 as possible). 

Laser receivers are discussed in some 
detail by Campbell in his earlier article on 
injection lasers. There are numerous tech-
nical articles and references on the sub-
ject of detecting light — but keep in mind 
that the laser's light pulse peaks in the 
infrared and is quite narrow in time. 
Silicon detectors are admirably matched 
to GaAs lasers spectrally, and special types 
respond well to very fast pulse widths. 

conclusion 
Very few radio amateurs are experi-

menting wi th lasers of any kind, much 
less semiconductor lasers. The field is 
young — essentially wide open — and the 
time is ripe for amateurs wi th a pioneer-
ing instinct to become involved in the 
field of optical communications. The 
challenges are many (working with in-
visible light takes getting used to) but the 
rewards are great. In fact, it is quite likely 
that radio amateurs wi l l make important 
contributions to this very important field 
of communications. 
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1 Mfd <8 25 Volts 5 for $1.00 
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30 Mfd @ 15 Volts 5 for $1.00 
80 Mfd (» 2.5 Volts 5 for $1.00 
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1000 Mfd (5? 12 Volts 3 for $1.00 
1500 Mfd @ 25 Volts 2 for $1.00 
3000 Mfd @ 16 Volts 2 for $1.00 
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1.5 AMP 1.5 AMP 3 AMP 6 AMP 
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400 .12 .14 .28 .50 
600 .14 .16 .32 .58 
800 .20 .40 .65 
1000 .24 .48 .75 
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6 Foot Gray Line Cord. UL Approved. Very 
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3000 MFD @ 30 VOLT CAPACITORS 
Size: 1" Diameter x 3" Long. 
75i each or 3 for $2.00 ppd. 

ITT IN4004 18<J each 

ITT 1N4007 28t' each 

HIGHEST QUALITY AMERICAN MADE 
POWER CORD 

6 Foot Gray Cord. Good For At Least 7 Amps. 
Plugs Into Auto Cigarette Lighter. A Hard to 
Find Item. 75<f each or 3 for $2.00 ppd. 

88 MHY CT Unpotted Toroids. 5 for $1.50 ppd. 

ASSORTED CARBON RESISTORS 
All Standard Values. 100 for $3.00 ppd. 

JAN 1N270 5 for $1.00 ppd. 

Tl 1N914 16 for $1.00 ppd. 

SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6% State sales tax 

ALL ITEMS PPD. USA 

M. WEINSCHENKER K3DPJ 
BOX 353 . IRWIN, PA. 15642 
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mobile fm 

sequential 
encoder 

This 

sequential encoder 

provides complete 

dial control 

of your local 

fm repeater 
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A stable pulsed encoder for controlling 
fm repeaters is a relatively simple device 
requiring only a few components and a 
telephone dial. Since more and more fm 
repeaters are using pulse-type decoders 
and additional control it is convenient to 
have a small pulse encoder on hand 
whenever you need it. 

The pulsed encoder in fig. 1 uses 
lowcost parts, is easy to build, and 
provides an excellent sequential encoder 
for mobile fm operation. The full-size 
printed-circuit board in fig. 2 reduces 
construction time to a few hours. 

All components except the toroid 
oscillator coil should be available at your 
local parts store. Although I used a 
2-Henry toroid in the circuit in fig. 1 the 
surplus 88-mH toroids used by RTTY 
enthusiasts wil l do an excellent job if you 
juggle the values of the tone determining 
capacitors. 

The circuit in fig. 1 consists of a 
2805-Hz oscillator (Q1), buffer stage 
(Q2) and emitter follower (Q3). The 
oscillator tone is set to the desired fre-
quency by adjusting the .068 y. F ca-
pacitor marked with an asterisk. In some 
cases it may be necessary to put two 
capacitors in parallel to obtain the desired 
tone. 

The 3-second hold circuit {Q4} pro-
vides a 3-second carrier and tone at the 
end of the pulsing sequence. This allows 
for selective calling of a control pulse 
with "hands o f f " capability. I used an 
Allied 12-Vdc dpdt relay wi th a coil 
resistance of approximately 560 ohms at 
K1. This is not critical however, and 
almost any 12-Vdc relay wil l work. Tran-
sistor Q4 heats up a little, but since 
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fig. 1. Circuit for the 
portable sequential 
encoder. Relay K1 
is a 12-Vdc relay 
with dc resistance 
between 240 and 
560 ohms. 
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control is not continuous it is not neces- age from system ground. Since the circuit 
sary to use a heavy-duty transistor. is open (no tone) until it is dialed and the 

If you use this circuit without a relay picks up, the unit can be connected 
separate power supply (a 9-volt transistor directly across the microphone input of 
radio battery will work), you must bypass your transmitter. The output matches the 
circuit ground or tone low through a 0.1 inputs of most fm transceivers (except 
(j.F capacitor to isolate the positive volt- those with carbon microphones). 

ham radio 

fig. 2. Full-size printed-circuit board and component layout for the sequential fm encoder. 
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a stable, 
variable-output 

weak-signal 
source 

Receiver alignment 

generator, 

frequency standard, 

neutralization 

signal source 

are just a few 

uses for 

this instrument 

A necessary adjunct to any test-equip-
ment bench is a stable weak-signal source. 
This device is basically a crystal-con-
trolled signal generator with an adjustable 
output. Its applications are analogous to 
the tunable signal generator, but it can be 
a much more useful tool than either a 
signal generator or a crystal calibrator by 
combining the properties of both. Several 
vhf signal sources have been described in 

1 2 
ham radio ' and VHFer.3 All either lack 
frequency stability as the output is 
varied, or else they have too low output 
at the higher harmonic frequencies. The 
unit shown in fig. 1 uses a pair of 
inexpens ive R C A 40673 dual-gate 
mosfets to eliminate these shortcomings. 

CM 
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circuit description 
The addition of a crystal-selector 

switch, S I , allows the choice of fre-
quencies from 1 through 10 MHz. Pre-
sently, my unit uses 1 and 3.5 MHz for 
the high-frequency range and 8.0 MHz, 
8.222 MHz, and 8.333 MHz for fre-
quencies from 50 through 1296 MHz. 
High harmonic output is assured by the 
use of an H-P 2800 hot-carrier diode 
multiplier. Usable harmonic energy up to 
1296 MHz been observed on a spectrum 
analyzer. With the circuit shown, the 
output was -82 dBm at 1296 MHz, a read-
ily detectable level. A plot of output vs. 
frequency is shown in table 1. 

Basically, the circuit is an untuned 
Colpitts crystal oscillator driving a wide-
band buffer, which in turn drives the 
hot-carrier diode multiplier. Two pots are 
used to adjust the output level. R2 sets 
the voltage level of G2 in the oscillator. 
This control is set to either of two cali-
brated points depending on the appli-
cation. For example, if weak signal testing 
is desired, R2 is adjusted to the point at 
which oscillation is barely sustained. If a 
strong signal is desired, R2 is set to 
maximum output. The output-adjust pot, 
R7, sets the voltage of G2 on the 40673 
buffer. The pot shown gives a -40 dB 
change in output level. This adjustment 
range can be calibrated in conjunction with 
a known attenuator and your receiver 
S-meter. Another approach is to mark off 
a 10-dB range in 1 dB steps on R7's scale 
and use an external attenuator for coarse 
adjustments. 

construction 
I used double-sided copper circuit 

board soldered together to form a 
3 x 6 x 1 1/2 inch box. An LMB or Bud 
aluminum box of equivalent size could be 
used and the circuit built on a copper 
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sub-chassis inside as shown in fig. 2. 
However, rf leakage may be a problem at 
low levels using this construction. Extra 

vhf converter alignment 
A word of caution about the use of 

the signal source for vhf f ront end align-

fig. 1. Schematic of the weak-signal source. T 1 : 7 turns no. 28 or 30 wire, bif i lar-wound on no. 
3 E 2 A Ferroxcube toroid form. Rf chokes: 10 turns no. 24 or 26 on same form as T1 unless specified 
otherwise. C I 3: Arco 423 . C14: Arco 404 . 

screws must be used to keep the 
box rf tight. This will minimize leakage 
for most applications. 

A simple ac supply capable of supply-
ing 12-15 V at 25 mA may be built in the 
box; or if desired, a 12-15 V battery 
supply may be substituted. If an ac 
supply is used, the line cord should be 
well bypassed with feedthrough capaci-
tors to eliminate rf leakage from this 
source. 

applications 
The uses of the unit are many. With a 

1- or 3.5-MHz crystal, it makes an excel-
len t frequency standard, band-edge 
marker, or receiver alignment generator. 
With an 8-MHz crystal, it can serve as a 
weak-signal source for vhf front-end align-
ment. In its maximum power output 
mode, the unit becomes a signal source 
for neutralizing converters and high-
power rf amplifiers. 

Other applications include calibration 
of receiver S-meters and determination of 
receiver dynamic (age) range. Also, you 
could probably replace the harmonic 
generator wi th a tuned circuit, key the 
buffer, and go super QRP! 

table 1. Output vs frequency. 
frequency harmonic output level 

( M H z ) IdBm) 
8 - •2 * 

16 2 -3 .4 
32 4 -17 .4 
48 6 -24 .4 
64 8 - 29 .0 

144 18 - 44 .0 
2 1 6 27 - 51 .2 
4 3 2 54 - 63 .2 

1296 162 -82 .3 

* 0 . 6 2 5 mW across 50 ohms 

fig. 2. Alternate chassis design. An rf' 
tight enclosure is a must (see text ) . 
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merit: if the device under test (fig. 3) has 
little front-end selectivity or is badly 
mistuned, it may be possible to tune it up 
on the wrong harmonic of the signal 
source; e. g., a 432-MHz converter with a 
28-MHz i-f should be tuned up on its 
54th harmonic (assuming an 8.000-MHz 

opening a filament lead. 

2. With signal source at maximum out-
put, tune in signal on receiver. 

3. Peak input and output circuits, then 
adjust neutralizing control for a null. 
Repeat several times. 

FILTER FOR INITIAL 
ALIGNMENT 

fig. 3. Setup for alignment of vhf converters. 

crystal in the source). However, the 47th 
harmonic of 8.00 MHz is 376 MHz, which 
is the image frequency of the converter. 
Since this is a lower-order harmonic, it 

contains more energy than the desired 
one and could be the source of a lot of 
frustration. A similar situation exists with 
a 144-MHz converter using a 28-MHz i-f 
where the 18th harmonic is 144 MHz and 
the 11th harmonic is 88 MHz, which is 
the image. The solution in these cases is 
to include some selectivity between the 
signal source and the unit under test, at 
least until you're sure the converter is 
properly adjusted to the desired fre-
quency. A second method is to offset the 
crystal frequency a few hundred Hz high 
using CI. The lower-order harmonic on 
the image frequency will then fall below 
the desired harmonic and can be easily 
identified. 

4. Reconnect source bias resistor of 
filament lead. 

For transmitter power amplifiers: 

1. For tube rigs, turn off B+ and 
screen voltage. For transistor trans-
mitters, leave B+ on and open emitter 
lead. 

2. Connect weak-signal source to in-
put. Adjust to maximum signal level. 

3. Connect receiver to rf output of 
amplifier. 

4. Tune in signal source and peak 
amplifier input and output controls 
for maximum S-meter indication on 
receiver. 

5. Adjust neutralizing capacitor for 
minimum signal feedthrough. Repeat 
several times for maximum null. 

neutralization of rf amplifiers 

Fig. 4 shows the arrangement for 
neutralizing a receiver or transmitter rf 
amplifier. The procedure for receiver 
amplifier neutralization is as follows: 

1. With B+ off disable the amplifier by 
opening the source bias resistor or 

references 
1. Del Crowell, K6RIL, "A 432 and 1296 MHz 
Signal Source," ham radio, September, 1969, p. 
20. 
2. J. W. Brannin, K6JC, "A Stable Small-Signal 
Source for 432 MHz," ham radio, March, 1970, 
p. 58. 
3. S. Freeley, K6HMS, "A 144 MHz Weak-
Signal Source," VHF'er, July, 1965. 

ham radio 
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multimode 

i-f system 

External refinements 

for older receivers — 

featuring ssb, fm, 

and synchronous 

a-m detection 

plus a wide-range 

audio compressor 
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Here's an outboard i-f and audio system 
that can be used with older receivers to 
bring them up to today's standards. Most 
older sets have little room to spare for 
adding a selective filter and product 
detector — essentia! requirements for 
good ssb performance. In addition to 
normal ssb operation, the circuit de-
scribed here provides: 

1. An fm detector essentially immune 
to a-m interference. 

2. An audio compressor with a wide 
dynamic range and slow time constant, 
which eliminates constant riding of the 
volume control during net operation 
and fm-channel monitoring. 

3. Synchronous a-m detection, 

the circuit 
The multimode i-f and audio system 

schematic is shown in fig. 1. Semicon-
ductor enthusiasts will note an assort-
ment of rather unusual ICs in the i-f and 
detector circuits. One of the new Sig-
netics phase-locked loops, the P L L 560, is 
used as an f-m detector and carrier 
generator. A Motorola MC1596 bal-
anced-modulator IC operates as a bal-
anced demodulator in the product detec-
tor. The audio compressor, fig. 2, uses a 
type 709 op amp with a Raysistor 
CK1112 as the gain-control element. 

To understand how the i-f/detector 
works, -efer to fig. 3, paying particular 
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attention to the switch positions for each 
mode. 

single sideband reception 

Sideband operation is similar to that in 

reception a 50 Hz error isn't serious, but 
in a-m reception any error is a disaster. 
You have a carrier and a bfo signal. If a 
phase difference exists between them, 
their outputs may cancel, leaving no 

fig. 1. Schemat ic of the muttimocfe i - f /audio system. Subst i tute devices may be used; e.g., the 
less-expensive P L 565 can replace the P L L 560. A l so , equivalent I C ' s by Fairchi ld and S ignet ics are 
available for the balanced demodu la tor . 

standard receivers: the bfo generates a 
signal equal to the (suppressed) carrier 
frequency of the signal you are tuning. 
The mechanical filter passband is above 
the bfo for usb; below it for Isb. The bfo 
output goes to the phase-locked-loop 
input, and the loop vco output goes to 
one input of the product detector. In this 
operation, the phase-locked loop acts as a 
buffer since the input frequency is equal 
to the output frequency, and the vco 
output is the only signal used. The 
mechanical filter output goes to the other 
product-detector input, and the output of 
the product detector is the reconstructed 
audio signal. 

a-m reception 

If you try to receive a-m with a 
sideband receiver, inevitably you run into 
the problem of precision tuning. In ssb 

reference for demodulation. If there is a 
frequency error a flutterwill occur as the 
phases change, or a beat note will occur if 
the phase difference is sufficient. 
Synchronous detection eliminates these 
problems. 

The a-m signal is simultaneously 
applied to the mechanical filter input and 
the phase-locked-loop input. The phase-
locked-loop synchronizes with the carrier 
of the a-m signal and provides a reference 
of the correct phase to demodulate the 
signal. Meanwhile, the signal is processed 
by the mechanical filter, which can be 
positioned anywhere with respect to the 
carrier frequency, thus improving selec-
tivity. 

f-m reception 

The phase-locked loop synchronizes 
with the carrier of the incoming signal. If 
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the signal increases in frequency, a dc 
voltage produced by the loop increases 
the oscillator frequency. If the signal 
decreases in frequency, the dc voltage 
docreases to re-sync the oscillator. Thus, 

the dc voltage is proportional to the input 
frequency. Producing a voltage propor-
tional to the frequency of the input signal 
is called f-m detection. The allowable 
deviation of the f-m signal is dependent 
upon the receiver i-f bandwidth before 
the mechanical filter. This will usually be 
sufficient to copy downconverted two-
meter signals. 

compressor 
The compressor consists of an opera-

tional amplifier with a variable resistor in 
the feedback loop. A low resistance de-
creases the gain. Since the "resistor" is 
light dependent, it can be controlled 
electronically. The op-amp output is 
rectified and applied to a long-time-con-
stant R C network at the input to a 
Darlington stage. The Darlington output 
goes to the lamp half of the Raysistor. 
Thus, as the amplifier output tends to 
increase, the circuit gain decreases, main-
taining a constant average output through 
a wide dynamic range. 

circuit details 
The i-f input from my receiver was 

about 1V p-p into 50 ohms. This was 
ideal for driving a 2-to-1 broadband trans-
former I had available. The transformer 
output is balanced, which makes it ideal 
for gating if you wish to use a i-f noise 
blanker. 

Preliminary experiments indicated that 
a noise blanker inserted here offered little 
improvement over conventional limiters, 
probably due to the already narrow selec-
tivity. So if you don't have such a 
transformer don't worry about it. Just 
connect the filter directly to the i-f 
output. The filter output is resonated by 
the two 250-pF capacitors and is con-
nected differentially to the product-de-
tector input. The two 33-ohm resistors 
are parasitic suppressors. R t and R2 set 
the product detector gain and bias. R1 
may be adjusted, depending upon the 
receiver i-f output. R 2 should be adjusted 
if you wish to use a different power-
supply voltage. R 3 and R4 and the 
associated capacitors form a low-pass 
filter on the product-detector output to 
keep 455 kHz signals out of the rest of 
the circuit. 

buffer and bias network adjustment 

The assembly between the vco output 
and the product detector carrier input 

Front view of the external mult imode i-f /audio 
and compressor system. Note the neat arrange-
ment of the rack-and-panel unitized packaging. 
Receiver below the mult imode system is a 
Coll ins R-391. 
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(containing L1, L2; <22, Q3) is a rather 
elaborate buffer amplifier and biasing 
network. The vco output is a square wave 
with a positive dc bias. The product 
detector requires a sine wave with a 
negative dc bias. Differential amplifier 
Q2, Q3 make up for some of the signal 
lost in the resonant filters. By changing 
the resonant-filter capacitors C1 and C2, 
variable phase shift may be introduced if 
necessary. To align the phase, switch to 
a-m and insert a 455 kHz signal into the 
input. Compare the signals on pins 1 and 
7 of the product detector. If they are in 
phase, or nearly so, no adjustment is 
necessary {likewise if they are 180 
degrees out of phase). If they are ap-
proaching 90 (or 270} degrees, remove 30 
pF from C1 and C2. This sounds a lot 
more critical than it really is. Even if the 
signals are exactly 90 degrees out of 
phase things rapidly improve with any 
introduction of phase shift. 

phase-locked loop 
The phase-locked loop has been ade-

quately described1 so I won't go into 
detail here. C3 sets the vco free-running 
frequency to about 455 kHz. The 10k 
tuning pot is a vernier control to center 
the frequency. R5 and R6 form an input 
divider network to avoid overloading the 

phase-locked loop and to increase a-m 
rejection in the f-m mode. C4 is a 
de-emphasis capacitor to lower high-fre-
quency audio response of the phase-
locked loop. C6 is a loop filter capacitor, 
which ensures stability of the loop and 
yet allows it to change frequency fast 
enough to follow the f-m input. In the 
a-m mode C5 is switched in to maintain a 

Parts layout and wiring of the final unit. 
Short leads are recommended for minimum 
intrastage rf coupling. 

stable output frequency during modu-
lation. 

bfo 
The bfo is a standard oscillator circuit. 

I never could remember who it was 

fig. 2. Audio compressor schematic. Circuit Is designed around the Raytheon CK1112 Raysistor, but 
a cadmium sulfide photo cell and low-current pilot light could be used as a sensor. See text. 
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named after. However, the important 
thing is that, if you have spent as many 
hours as I have trying to get those 
miserable FT243 crystals to oscillate, 
you'l l be happy to have a decent circuit 
regardless of whom it is named after. One 
important note: keep the leads to the 
crystals short or this circuit won't work 
either. 

construction 
I built the final unit as shown in the 

photos. The bfo and input circuits are on 
one side of the filter; the product de-
tector and audio circuits are on the other. 
Before building the final unit, I bread-
boarded the circuits. A l l the components 
had long leads, but both circuits seemed 
to perform equally well. However, leads 

fig. 3. System block 
diagram. 

DOUBLE 
BALANCE 0 
MODULATOR I 
(MCI596G) 

compressor design 
The Raytheon CK1112 Raysistor may 

be dif f icult to obtain. A Raysistor can be 
built for about a dollar, using a cadmium 
sulfide photocell and a low-current pilot 
light. R7 is determined by connecting it 
in series with the lamp and the power 
supply. Enough current should flow in 
the lamp to give a photocell resistance of 
1 — 2k. Measure the lamp voltage under 
normal operation. R8 should be con-
nected in series with R7 to the lamp 
when you don' t want compression in this 
way, compression can be switched in and 
out without changing the circuit gain and 
without introducing transients in the 
audio circuit. R9 sets the minimum gain 
of the op amp with the photocell ful ly 
conducting. R10 sets the gain with the 
photocell off . The ratio of these resistors 
is approximately equal to the amount of 
compression available. The values I have 
used give a range of about 55 dB, which is 
somewhat extravagant since an audio 
signal-to-noise ratio of 55 dB is seldom 
encountered in ham work. Vary these 
resistors to suit your taste. They are 
relatively independent of the type of 
photocell you use. 

should be short to keep rf radiation to a 
minimum. I used many bypass capacitors 
and parasitic suppressors. If you want to 
leave them out, do so at your peril. The 
inherently balanced circuitry probably 
contributed as much to stable and reliable 
operation as did the wiring technique. 

parts availability 
The PLL 560, which at this writing is 

fairly expensive, can be replaced by a 
PLL 565, which isn't. The balanced 
demodulator is manufactured by Motor-
ola, Fairchild, and Signetics. The Collins 
mechanical filter can probably be re-
placed with a Japanese unit that I've seen 
advertised for much less money. The BT8 
transformer and CK1112 Raysistor have 
already been discussed. Everything else is 
quite inexpensive. The money you save 
on parts might well pay for one of those 
old surplus receivers, which can be resur-
rected with the multimode i-f system 
described here. 

reference 
I. Jim Kyle, K5JKX, "The Phase-Locked Loop 
Comes of Age," 73, October, 1970, page 42. 

ham radio 
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simple 
transconductance 

tester 
for 

field-effect transistors 

A versatile, 

low-cost 

test circuit 

for checking 

the performance 

of field-effect 

transistors 
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A t the last West Coast V H F Conference 
my favorite two-meter fet converter's 
noise figure was checked and found want-
ing. Since this converter1 had previously 
been measured at better than 2 dB it was 
apparent that it needed some work. The 
signal generator, sweep generator and 
noise generator were broken out in an 
ef for t to restore the beast to its original 
operating condition. Af ter many fruitless 
hours of alignment and checking the 
converter was only slightly improved and 
was still far below what it should have 
been. 

Al though I had replaced the fet in the 
first r-f stage I had not checked the other 
fets, but assumed that they were good 
since the converter was working. By 
accident (or for reasons I don ' t remem-
ber) I removed the second r-f amplifier 
fet f rom its socket. There was virtually no 
difference in received signals wi th or 
w i thou t the fet! The transistor was dead. 
With a new fet in the socket it took alt of 
15 minutes to realign the converter, 
restore the bandwidth to 4 MHz, and 
verify that the noise figure was once again 
better than 2dB. 

A l i t t le analysis showed what was 
happening. The defective stage was a 
neutralized common-source amplif ier. 
With a dead transistor the signal at the 
gate lead was coupled across the neutral-
izing inductance to the drain tank circuit 
and the mixer, less 10 dB of amplif ication. 

Everyone knows the first step in 
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troubleshooting is to check the suspect 
tube or transistor. However, this requires 
a suitable tester, which I did not have. I 
have one now, though, that uses an 
external audio oscillator and ac voltmeter 
or oscilloscope (see fig. 1). Cost, even 
with all new components, is minimal. 

calibrated oscilloscope connected across 
the output terminals indicates the output 
voltage developed across the 1k drain 
load, R3. The forward transconductance 
of the transistor under test, in 
micromhos, is equal to 10,000 times the 
output voltage. Thus, if the voltmeter 

fig. 1. Circuit of the 
f e t t r a n s c o n -
d u c t a n c e tester . 
S w i t c h S I is a 
4 - p o l e , d o u b l e -
throw, non-shorting 
rotary. 

CI 
0! 

18k 

circuit 
A 1-volt, 1000-Hz audio signal is 

applied to the input of the fet tester. R1 
and R2 form a 10:1 voltage divider that 
reduces the signal at the gate of the fet 
under test to 100 millivolts; virtually no 
gate current will flow under zero-bias 
conditions. An external ac voltmeter or 
*The explanation of this relationship is as follows. 
The forward transconductance, gfs, of the device 
under test may be expressed in mhos as 

where id is the a-c component of the drain current 
(in amperes) and eg is the a-c gate voltage. From 
Ohm's law, 

where eQ is the a-c output voltage and R j is the 
drain load resistance (designated R 3 in fig. 1). By 
substitution, 

eo 

If eg = 0.1 volt and R j = 1000 ohms, the conditions 
under which this circuit operates, then 

eo gfs = —̂ r-r (mhos) or 10,000 e 0 (micromhos) 

across the output terminals reads 0.4 volt, 
the transconductance of the device under 
test is 4000 micromhos.* 

Potentiometer R4 is used to set the 
source bias and hence, the drain current 
of the fet. There is a wide variation in 
drain currents of individual transistors of 
the same type. The manufacturer usually 
specifies a normal operating drain current 
so it is helpful to monitor the drain 
current and set it to the desired value 
with R4. The milliammeter may be built 
into the tester or connected in series 
externally with the power supply. 

Switch S1 reverses power-supply polar-
ity so the power supply connections do 
not have to be reversed when changing 
from n- to p-channel devices. This switch 
also reverses the polarized source-bypass 
capacitor, C3. This capacitor is needed to 
prevent degeneration across R4 which 
would reduce the transconductance read-
ing. If S1 is set to the wrong position no 
damage will occur to the transistor; the 
output reading will be zero, or very low. 
Reversing the switch position will result 
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in a substantially higher reading if the 
transistor is good. Thus, the tester will 
also indicate whether the fet is a p- or 
n-channel type. In addition to testing 
junction fets, the fet tester will also check 
single-gate depletion-type mosfets. 

construction 
The fet tester may be built in, or on, 

virtually anything. I used an old plastic 
box; this permitted me to use ordinary 
6-32 screws as input, output and power 
supply terminals without additional insu-
lation. Lead length and physical layout 
are not at all critical; the tester can truly 
be built from junk-box parts. 

Since there is absolutely no standard 
basing configuration for the many types 
of fets on the market the test socket may 
be wired according to personal prefer-
ence. However, be sure to designate on 
the tester which pin is which so that you 
can insert the fet properly. 

external requirements 

Although the voltage of the external 
power supply is not critical 18 volts has 
been specified for two reasons: 18 volts is 
high enough to keep the drain potential 
above the knee of the EQ-ID curve if 
the device under test draws sufficient 
drain current to cause an appreciable 
drop across R3; 18 volts is below the 
normal breakdown voltages specified for 
most transistors. 

12 6 V 0.3A 'N40°' 

II?VAC SOOuF • 25V ' 

fig. 2. Suggested power supply for the 
fet tester. 

The circuit for a suitable ac power 
supply is shown in fig. 2. This could be 
incorporated into the tester if desired. 
However, it is probably easier and cheap-
er to use two 9-volt transistor-radio bat-

teries. Since the current drain is inter-
mittent and rarely exceeds 15 mA they 
should last their entire shelf life. 

The audio oscillator must supply a 
reasonably good sine wave at 1 volt rms 

t a b l e 1. C h a r a c t e r i s t i c s o f p o p u l a r f i e l d - e f f e c t 
transistors. 

trans- 1 
base conductance 'DSS 

type channel d iagram (jUmho)* ( m A 
2 N 3 8 2 3 N 1 3 5 0 0 - 6 5 0 0 4 - 2 0 
2 N 4 3 6 0 P 2 2 0 0 0 - 8 0 0 0 3-30 
2 N 4 4 1 6 N 1 4 5 0 0 - 7 5 0 0 5-15 
2 N 5 3 9 7 N 1 6 0 0 0 - 1 0 , 0 0 0 10-30 
2 N 5 3 9 8 N 1 5 5 0 0 - 1 0 , 0 0 0 5-40 
E 3 D 0 N 2 4 5 0 0 - 9 0 0 0 6 - 3 0 
M P F 1 0 2 N 3 2 0 0 0 - 7 5 0 0 2-20 
M P F 1 0 3 N 3 1 0 0 0 - 5 0 0 0 1-5 
M P F 1 0 4 / 2 N 5 4 5 8 N 3 1 5 0 0 - 5 5 0 0 2-9 
M P F 1 0 5 / 2 N 5 4 5 9 N 3 2 0 0 0 - 6 0 0 0 4-16 
M P F 1 0 6 / 2 N 5 4 8 5 N 3 2 5 0 0 - 6 0 0 0 4-10 
M P F 1 0 7 / 2 N 5 4 8 6 N 3 4 0 0 0 - 8 0 0 0 8-20 
M P F 108 N 3 2 0 0 0 - 7 5 0 0 0.5-24 
M P F 1 0 9 N 3 8 0 0 - 6 0 0 0 0.5-24 
T I S 3 4 / 2 N 5 2 4 8 N 4 3 5 0 0 - 6 5 0 0 4-20 
T IS88/2 IM5245 N 5 4 5 0 0 - 7 5 0 0 5-15 
T I X M 1 2 P 2 5 0 0 0 - 2 0 , 0 0 0 5-25 
U C 7 3 4 N 1 3 5 0 0 - 6 5 0 0 4-20 

* T r a n s c o n d u c t a n c e a t V . o. G b = 
c S "X O S S S G 0 

3 ( ^ ) 3 0 ( ^ ) 3 ^ ( • • • ) G * ] D 

o o © o © 

into a high-impedance load. The frequen-
cy of 1000 Hz was selected because many 
manufacturers specify forward transcon-
ductance at that frequency. Attually, any 
audio frequency will serve, provided the 
capacitors in the circuit are increased 
proportionately if a lower frequency is 
used. For example, if you decide to use a 
60-Hz source, the values of C1, C2 and 
C3 must be increased roughly by the ratio 
of the frequencies, 1000/60, or approxi-
mately 16 times. 

operation 
Operating the fet tester is very simple. 

Connect the audio oscillator to the input 
terminals and set the audio voltage to 
exactly 1 volt. Connect the ac voltmeter 
(or oscilloscope) to the output terminals; 
if an external power supply is being used 

46 G S September 1971 



connect it to the dc supply terminals. Set 
switch S1 to the position which corres-
ponds to the fet to be tested — n or p 
channel. 

Put the fet in the socket, being careful 
to match its leads to the socket pin 
designations. It should be noted that 
junction fets are symmetrical devices so 
drain and source leads can be interchang-
ed with no difference in performance. 
The gate lead, however, must be in the 
proper socket hole. 

To check a depletion-type mosfet be 
sure to keep all of its leads shorted 
together with a strand of wire before it is 
inserted or removed from the socket. 
Also, be certain that the bulk or substrate 
lead, which is generally common to the 
case, is properly connected. 

Adjust R4 for the desired drain cur-
rent and read the output voltage. Multi-
ply by 10,000 and you have the forward 
transconductance in micromhos. If the 
output voltage is abnormally low, reverse 
the position of S1. If you still do not get 
a normal reading on the ac voltmeter, and 
the transistor is properly connected, the 
transistor is defective. Conversely, switch 
S1 may be used to determine whether the 
transistor is a p- or n-channel type. The 
switch position which results in the lower 
dc drain current indicates the type. 

Table 1 lists some of the more com-
mon fets with their transconductance 
range, zero-bias drain current ( loss) a n d 
basing configuration. Note that the trans-
conductance is specified at zero gate bias 
( V q s ) which results in I d S S - The higher 
the drain current, the higher the trans-
conductance. 

Although the fet tester will probably 
be used infrequently, as is true for any 
transistor or tube checker, the small 
amount of time, effort and money re-
quired to build it can pay off handsomely 
(just reread the first three paragraphs of 
this article). 

reference 
1. William I. Orr, W6SAI, "Radio Handbook," 
18th edition. Editors and Engineers, New Au-
gusta, Indiana, pages 624-629. 
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M A D E I N U . S . A 

The First AM-FM 
Solid-State Transceiver 

For Two Meters 
No longer is it necessary to choose between 
AM and FM on two meters. Now you can have 
both in one compact unit. Join the gang on 
the new FM repeaters yet still be able to "rag 
chew" with old friends either AM or FM any-
where in the two meter band. 

C O M : f , r / . < n f v -

TRANSMITTER: 
• Built-in VFO (Frequency converted for stability) 
• AM and FM both crystal and VFO 
• Four transmit crystal positions (8 MHz) 
• 12 watt input AM and FM 
• High level transmitter modulation on AM 
• Bandpass coupled transmitter requiring only final tune 

and load 
• Three internal transmit ciystal sockets with trimmers 

for netting 
• One transmitter crystal socket on the front panel 
• Deviation limiting 

RECEIVER: 
• Double conversion 
• Crystal controlled first conversion 
• M O S FET receiver f ront-end 
* Integrated circuit limiter and discriminator for FM 
• Envelope detector and serios gate noise clipper for AM 
• Built-in squelch for both AM and FM 

GENERAL-
• Separate transmitter and receiver tuning 
• Built-in 115VAC power supply 
• Direct 12VDC operation tor mobile or portable operation 
• Optional portable rechargeable snap-on battery pack 

available 
• " S " Meter also used for transmitter tune up 
* Military style glass epoxy circuit boards 
• Anodized lettering and front panel 
• Baked epoxy finish on the cabinet 
• 47 transistors. 22 diodes, 1 integrated circuit 
• Dimensions: 10»/,"W x 6 ' /«"H x 7 ' A " D 

Warranty—90 Days Parts and Labor 

CTR-144 is available FACTORY DIRECT 
including 146.94 MHz crystal $389.95 

C P . O . B O X 2 6 6 — G O L E T A , C A L I F . 9 3 0 1 7 

Write for more information or 
use CHECK-OFF 
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This circuit 
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The automatic frequency-control circuit 
described here is the result of trying to 
copy the Weather Bureau's RTTY station 
on 14.395 MHz wi th a not-so-stable 
communications receiver. Af ter trying to 
stabilize the receiver so my ST-5 de-
modulator1 would copy unattended for a 
reasonable length of time it began to look 
as though an afc system might be easier. 
The circuit in fig. 1 is simple and uses 
low-cost integrated-circuit operational 
amplifiers and surplus 44-mH toroids. 

circuit operation 
Since it's necessary to present a 2975 

Hz tone to the 2975 tuned circuit in the 
demodulator, 2975 Hz looked like a good 
standard for frequency control. In this 
circuit U1 amplifies the 2975 Hz signal 
that is intermittently present during re-
ception. A high input impedance prevents 
loading the demodulator tuned circuit. 

The IC op amp is set for a gain of 
about 2.7; the output is coupled to a pair 
of tuned circuits. One of the circuits is 
tuned to about 150 Hz above 2975; the 
other is tuned about 150 Hz below. The 
rectified dc output voltages are opposite 
and cancel when the frequency is about 
midway (2975 Hz). 

As the input freguency goes up the 
voltage goes negative; as the frequency 
goes down the circuit provides a more 
positive output. However, the voltage 
swing is not large enough for control 
purposes, so another op amp must be used 
as a dc amplifier. These amplifiers provide 
an output that swings f rom positive to 
negative wi th respect to ground, duplicat-
ing the polarity of the discriminator 
output. The output voltage f rom U2 is 
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fed to a varactor or tuning diode installed 
in the receiver's tuning oscillator (fig. 2). 

When the frequency drifts so the 
RTTY tone goes up, the discriminator 
output goes more negative; tuning diode 

operating point properly; the bias control 
(R2) adjusts bias through the inverting 
input of U2. Because of the high resist-
ance in the non-inverting input (pin 3) 
the necessary bias is slightly negative. 

LI 

[SMS| 

fig. 1. Circuit for the R T T Y afc unit. Discriminator diodes are germanium types such as 1N34A. 
Integrated circuits U1 and U2 are 709 types: Motorla M C 1 7 0 9 C G , T ! S N 7 2 7 0 9 L , Fairchild UL709C, 
etc. Inset shows 2975-Hz signal pickup in R T T Y demodulator. 

capacitance decreases, increasing the os-
cillator frequency to bring the audio tone 
back to 2975 Hz. 

In most R T T Y signals 2975 Hz is used 
as the mark tone. Therefore, it is present 
for a larger percentage of time than the 
space signal. Since the tone is constantly 
on and off a simple RC filter (R1, C I ) 
presents a long time constant to the 
pulsating dc and smooths the output to 
prevent warble of the receiver audio. 

The varactor must be biased to set its 

Two units were tried; one required - 0.4 
V, the other, - 0.35 V. 

initial setup 

After a thorough wiring check connect 
the unit to the receiver and RTTY de-
modulator. (Power from the ST-5 plus 
and minus power supply may be used 
since total current drain is only 5 mA. If 
the unit is used with another demodulat-
or use any well filtered power supply, or 
batteries.) 
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The afc circuit is connected to the 
communications receiver through capacit-
or C2 (fig. 2); connect it to the cathode 
of the oscillator tube (or emitter of a 
transistor oscillator). Connections to 
high-impedance points in the oscillator 
circuit may result in large changes in dial 

iao» 
-Wv-

470 I ne -O TO CATHODE OF 
OSCILLAWR TUBE 

VARACTOR 

m 

fig. 2. Varactor tuning circuit connects to the 
cathode of the oscillator tube. The varactor is 
not critical; it may be a silicon rectifiersuch as 
the 1N4383 or a small 20-pF voltage-variable 
diode. See text for selecting proper value for 
C2. 

calibration. If this is necessary a very 
small value should be used at C2. Ca-
pacitance should be slightly less than that 
which causes a noticeable audio warble or 
chirp when a RTTY signal is received. A 5-
or 10-pF capacitor is a good starting 
point. 

adjustment 
For proper adjustment, connect a 

vtvm across the output jack and make the 
following adjustments: 

1. Disconnect the input cable from the 
demodulator. 

2. Adjust the bias control to -5 volts 
output. 

3. Connect the demodulator to an 
accurate 2975-Hz tone. 

4. Adjust the balance control to bring 
the output back to -5 volts. 

5. Remove the 2975-Hz tone and con-
nect the demodulator to the receiv-
er. 

When a RTTY signal is properly tuned 
the vtvm wil l read -5 volts. This reading 
will go up or down as you tune across the 
signal. The 10-volt scale makes a fine 
tuning indicator wi th -5 volts as zero 

center. If you tune slowly the audio 
RTTY tones wi l l remain nearly the same. 

Depending on the relative positions of 
the bfo and the receiver oscillator it may 
be necessary to reverse S1. If the polarity 
is wrong for your receiver the afc unit 
wil l prevent you from tuning in a RTTY 
signal! 

The voltage at either end of the 
2975-Hz coil in the ST-5 demodulator is 
on the order of 12 volts peak-to-peak. 
When using another type of RTTY de-
modulator the input signal to U1 should be 
approximately at this level. This may be 
accomplished by lowering the resistance 
between pin 3, U1, and ground if the 
signal is too large. If the signal is too low 
the gain of the first op amp may be 
increased by increasing the value of the 
27k feedback resistor between pins 6 and 
2 of U1. 

This afc unit has proven very useful in 
my station. It allows the use of an 
inexpensive receiver to monitor a RTTY 
station for long periods of time without 
retuning to compensate for receiver or 
transmitter dri f t . 

reference 
1. Irving M. Hoff, W6FFC, "The Mainline ST-5 
RTTY Demodulator," ham radio, September, 
1970, page 14. 

ham radio 

'Edward, you're fouling up the T V again!' 
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techniques 
ed noli, W3FQJ 

phase-locked loops 
Do you wish that your local oscillator 
would hold precisely on frequency after 
you have tuned in an a-m, fm or fsk 
signal? How would you like to auto-
matically track an incoming signal that 
drifts in frequency? How would you like 
to demodulate that signal even though it 
is plastered with noise? For an affirmative 
answer to any of these questions you 
must enter the realm of the phase-locked 
loop. A fine discussion of the basic 
theory of this circuit was presented re-
cently by VE5FP.1 

Although the phase-locked loop con-
cept has been around since the early 
1930s its high complexity has limited its 
use to specialized applications in expen-
sive military and avionics equipment. For 
an idea of the complexity of this circuit 
consider an amateur radio version of the 
phase-locked loop described by W2CRR 
and W0AHN2 that used a total of 16 
vacuum-tube stages or VE5FP's solid-
state phase-locked oscillator that uses 7 
transistors plus a large quantity of re-

sistors, capacitors and inductors. It's no 
wonder that this versatile circuit has seen 
little application in amateur radio equip-
ment. 

The integrated-circuit versions of the 
phase-lock loop are as complex as their 
discrete component counterparts. The 
Signetics NE560 for example, the first 
phase-locked loop IC, contains no less 
than 25 transistors, 7 diodes and 27 
resistors. With this device it is possible to 
build high performance fm detectors, 
R T T Y demodulators, signal-tracking 
filters, stable local oscillators, frequency 
synthesizers and frequency multipliers as 
well as more complex systems. Additional 
components included in its sister unit, the 
Signetics NE561B, provide capability for 
operation as a frequency-selective (co-
herent) a-m detector. These monolithic 
phase-locked loops have a frequency 
range from 1 hertz to 15 MHz without 
the need for tuned circuits. 

Signetics integrated-circuit IC is dot at 
the center of the package held here In 
the fingers. Background is greatly magni-
fied photgraph of the circuit as it would 
appear through a microscope. 
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applications 
There are several applications for 

phase-locked loop ICs in amateur com-
munications receivers. They can be used 
as small efficient synchronous a-m detec-
tors with excellent linearity and noise 

fm demodulator, the phase-locked loop 
IC may be your answer; it is an efficient 
demodulator that will accomodate any i-f 
frequency up to 15 MHz. (A multimode 
i-f system for fm, a-m and ssb which is 
designed around the Signetics NE560 is 

OFFSET 
* VCC FILTER CONTROL Of-EMPHASIS 

FINE TUNE INPUT 4-M RANGE 
CONTROL OUTPUT CONTROL 

fig. 1. Block diagram of the Signetics NE561B phase-locked loop integrated circuit. 

immunity. Can they make vhf-uhf a-m 
DXing a more realistic endeavor? How 
about tuning in and holding a-m signals 
on bands crowded with other signals? I'll 
soon be checking one out on 160 meters. 

For fm the phase-locked loop IC may 
be used in compact i-f, limiter and de-
modulation systems. The IC's wide fre-
quency range and no-tuning characteristic 
are especially attractive in receiver designs 
that use more than one i-f frequency. 

How about a direct-conversion fm 
receiver? For 10-meter operation this is 
probably possible today using off-the-shelf 
phase-locked loop ICs. If you already 
have a high-quality communications re-
ceiver to which you would like to add an 

described by WA2 IKL on page 39 of this 
issue). 

Application of the phase-lock loop 
concept will also provide a stable vfo or 
frequency synthesizer for amateur fm 
operation. The phase-locked loop can also 
be used to advantage in an a-m receiver 
that will hold precisely on a net fre-
quency and still follow those stations that 
just can't seem to find the right spot. 

In addition, the phase-locked loop IC 
operates well as a frequency multiplier or 
a frequency divider. With a stable crystal 
reference oscillator or vfo, the vco in the 
IC can be operated on a harmonic or 
sub-harmonic of the reference frequency. 
These capabilities encourage the design of 
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versatile frequency calibrators and high-
stability multiband vfos. 

phase-locked loop ic 
A block diagram of the Signetics 

NE561B phase-locked loop IC is shown in 
fig. 1. An incoming fm signal is applied to 
the phase comparator through pins 12 
and 13. A reference signal from the 
voltage-controlled oscillator is applied in-
ternally. The vco frequency is adjusted 
externally with a variable capacitor be-
tween pins 2 and 3, or with a dc control 
voltage connected to pin 6. The vco 
output is available at pin 5. 

The output of the phase comparator is 
applied to a low-pass filter. The filter 
characteristics are controlled with an ex-
ternal network connected between pins 
14 and 15. A two-stage amplifier follows 
the low-pass filter. The de-emphasis 
characteristic is set with a capacitor from 
pin 10 to ground. The demodulated fm 
output is available at pin 9. 

The dc error voltage at the output of 
the first amplifier is applied to the 
limiter. This filtered error voltage is ap-
plied to the vco, causing it to phase lock 
to the incoming signal. When the in-
coming fm signal deviates in frequency 
with modulation the error voltage de-
veloped at the output of the phase 
comparator corresponds to the demodu-
lated output. 

When a phase-locked loop locks on an 
fsk signal the error voltage from the phase 
comparator is in discrete voltage steps 
that correspond to mark and space, or the 
digital 1 and 0. 

A-m demodulation (coherent detec-
tion) circuit operation uses all the fm 
demodulation circuits pius a multiplier 
which functions as a mixing-type a-m 
demodulator. The incoming a-m signal is 
applied to the mixer input at pin 4. The 
IC locks on the a-m carrier frequency; in 
fact, the output of the vco is the same 
frequency as the carrier but without 
modulation. 

The vco signal is also applied to the 
multiplier. A low-pass filter at the output 
of the multiplier cancels the rf carrier and 

sideband components and produces a 
difference signal corresponding to the a-m 
modulation. This system of demodulation 
is referred to as phase-lock a-m detection. 
It is much less subject to noise than 
conventional a-m detectors. 

+ vcc 

o Bias 

fig. 2. Basic phase comparator and multiplier 
circuits use differential transistor arrangement. 

phase comparator 
A simplified phase detector that is 

very similar to the one used in the 
NE561B is shown in fig. 2. This is the 
same differential amplifier I've described 
in previous circuits and techniques. Con-
nect two differential amplifiers in a bal-
anced arrangement and you come up with 
a balanced modulator, balanced demodu-
lator or balanced mixer. The vco output 
is connected to the bases of the differ-
ential pairs; the signal is applied base-to-
base of the emitter input transistors. 

When the vco and input voltage are 
phase locked to the same frequency the 
output voltage is zero. An error voltage 
develops when the signal drifts off. In the 
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case of fm demodulation the recovered 
error voltage is actually the demodulated 
fm wave. 

The a-m demodulator uses the same 
basic balanced differential arrangement as 
the phase comparator. The vco output is 

Q<-V, 

00 

If i k ' 

fig. 

O O 
CONTROL 

RFJ VOL TAGE FFJ 

3. Voltage-controlled oscillator is a 
multivibrator. Basic frequency is controlled 
b y capacitor connected between the 
emitters; fine tuning is provided by voltage 
that controls emitter current. 

charged and discharged by the voltage-
controlled current source in the emitter 
circuit. The control voltage can be in the 
form of a dc error voltage from the phase 
comparator through the limiter, or an 
external control voltage may be intro-
duced. 

practical circuits 
The circuit in fig. 4 shows how the 

Signetics NE561B may be used as an fm 
detector. The fm input signal is con-
nected to pin 12 and 13; audio output 
appears across the 15k load resistor con-
nected to pin 9. The capacitor between 
pin 10 and ground establishes the proper 
de-emphasis. 

The capacitor between pins 2 and 3 
determines the frequency of the voltage-
controlled oscillator. Typical capacitor 
values for intermediate frequencies of 4.5 
and 10.7 MHz are given in fig. 4. For fine 
tuning a small capacitor may be placed in 
parallel with CQ (Cx in fig. 4) or a small 
variable voltage may be applied to pin 6. 
This can be in the form of a potenti-
ometer connected across the power sup-

applied to the bases of the differential 
pairs; the rf a-m signal is introduced 
through the insert transistors in the 
emitter circuit. The phase comparator is 
also used in the a-m demodulation system 
to phase-lock the vco to the carrier 
frequency. The difference frequency out 
of the differential multiplier circuit (fig. 
2) corresponds to the frequency separa-
tion between the sidebands and carrier of 
the a-m signal, hence the circuit repro-
duces the original audio modulation. 

vco 
The voltage-controlled oscillator is an 

emitter-coupled multivibrator similar to 
the circuit shown in fig. 3. The external 
timing or tuning capacitor is connected 
between the emitters of the multivibrator 
transistors. At any instant of time one of 
the transistors is turned on and the other 
is off. The timing capacitor is alternately 

ISO 
(OE-EM'FT 

M 

FINE 
TUNE 

o 

CX CO 

NE56IB 

M 

vco 
N OUTPUT 

AUDIO 
OUTPUT 
-O 

f/5* 

fig. 4. Use of the phase-lock loop I C as 
an fm detector. 

ply. The low-pass loop filter components 
are connected between pins 14 and 15. 
Component values, which depend on the 
i-f frequency, are shown. 

The frequency range over which the 
vco will track the signal frequency can be 
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altered by applying appropriate dc con-
trol voltages to pin 7 from an external 
and adjustable supply voltage source. In 
some specialized application it may be 
necessary to offset an internal dc com-

synchronous demodulation is established 
by an external 90° RC phase-shift net-
work. These components, R A C A and 
R B C b in fig. 5, must satisfy the time-
constant formula 

fig. 6. Phase-locked R T T Y demodulator requires no bandpass filters. R1 is adjusted so internal vco 
frequency is at same frequency as input. 

ponent. This can be done with an ex-
ternal voltage source applied to pin 11. 

The same IC is setup for synchronous 
a-m detection in fig. 5. Note that the vco, 
phase discriminator and low-pass filter 
stages are active as they were for fm 
demodulation. However, the multiplier 
circuit is also necessary for synchronous 
a-m detection. 

In the a-m detection process the 
phase-lock loop is locked to the signal 
carrier frequency and the vco output 
serves as the local oscillator signal. The 
appropriate quadrature relationship for 

R a C a - R rCB -B^B 2nt 

fig. S. Synchronous a-m detector circuit. 
Component values shown here were 
selected for broadcast band (1.5 MHz). 

Where f 0 is the operating frequency. The 
values in fig. 5 were selected for the a-m 
broadcast band (1.5 MHz). In this circuit 
the 250-pF capacitor between pins 2 and 
3 tunes the IC across the broadcast band; 
the low-pass filter components are suit-
able for broadcast-band operation. 

A less complex integrated-circuit 
phase-locked loop such as the Signetics 
NE565 can be operated as an RTTY 
demodulator without the use of bandpass 
filters. This IC consists of a phase de-
tector, amplifier and voltage-controlled 
oscillator. Range extends between a frac-
tion of a cycle to 500 kHz. 

In the fsk demodulator circuit in fig. 6 
the incoming frequency-shift signal moves 
rapidly between the mark and space 
frequencies. As it does the phase-lock 
loop locks on to the input signal, moving 
from one input frequency to the other, 
with a corresponding dc voltage shift at 
the output. The simple RC filter across 
the output is designed to remove fre-
quency components between the maxi-
mum keying rate and twice the maximum 
input frequency. The filter components 
in fig. 6 were chosen for amateur opera-
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tion (100 wpm maximum) with a 
455-kHz i-f strip. 

multi-ic loops 
A n integrated-circuit phase-locked 

loop does not have to be confined to a 

army loop antenna — revisited 
A simple method of tuning the ends of 

a small resonant-loop antenna has been 
evolved by James E. Taylor.12 This tech-
nique, shown in fig. 8, eliminates lossy 

1
 VCM 
N 

- maxM»ua£ 
COUNTER 

HK4H6/40I6 

fig. 7. Frequency synthesizer uses programmable divide-by-N counter within the phase-locked loop. 
Typical Motorola ICs for this circuit are shown. 

single IC. There are a variety of special-
purpose ICs that can be combined into 
phase-lock systems and tailored for 
specific applications. For example phase-
detector ICs such as the Motorola 
MC4344/4044 and voltage-controlled 
multivibrators such as the Motorola 
MC4324/4024 can be combined with a 
low-pass filter to form a simple phase-
locked loop. 

A system of separate integrated cir-
cuits is especially attractive for building 
complex circuits such as a frequency 
synthesizer. A typical arrangement is 
shown in fig. 7. With a programmable 
counter in the loop the system can be 
programmed to provide practically any 
output frequencies. The output signal is 
phase locked to a stable reference oscil-
lator so output stability is essentially that 
of a crystal oscillator. 

In the circuit of fig. 7 the reference 
oscillator signal is compared to the signal 
from the programmable counter. The 
input to the programmable counter 
comes from a vco which is controlled by 
the error voltage from the phase detector. 
With a 1-MHz reference oscillator and a 
divide-by-2 counter, the output signal is 2 
MHz. With a divide-by-3 counter the 
output is 3 MHz; divide-by-10 counter, 
10-MHz output, etc. By placing a divide-
by-N counter (where N is any number) in 
the loop you can build a frequency 
synthesizer which will provide any de-
sired output frequency.3 

loading-coil arrangements. Maximum 
horizontal length for operation on 80 
meters is 20 to 25 feet. Although Taylor 
used RG-8/U cable for his antenna any 
large diameter conductor is satisfactory. 

The capacitive element in fig. 8 con-
sists of 300-ohm twin-lead. Note that the 
ends of the resonant loop connect to 
opposite conductors of the twin-lead. The 
loop is resonated by clipping even 
amounts off each end of the twin-lead. 
(Shortening the twin-lead lowers its capa-
citance, raising the frequency of the 
resonant loop.) The large capacitor across 
the feed line provides proper matching. 

r ) n 

'TRANSMITTER 

iOO-OHM TWINLEAD 

£ TUBING OR COAX 
WITH BRAID AND INNER 
CONDUCTOR TIED TOGETHER 

fig. 8. Balanced Taylor-loop antenna. 

linear transistor amplifier 
Despite the popularity of high-fre-

quency ssb transmission there have been 
few bipolar transistors designed specifi-
cally for linear operation at higher power 
levels; most of the rf power transistors 
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has been designed for class-C operation. 
However, the new RCA 2N6093 is de-
signed specifically for class-AB linear 
operation. A single 2N6093 can provide 
75 watts PEP output at 30 MHz; a 
push-pull amplifier with two devices is 
capable of 150 watts PEP from 2 through 

at the required dc operating levels. The 
device uses special subdividing of the 
emitter and an appropriate resistive 
ballast. This added resistance improves 
stabilization and permits low distortion 
operation. 

Included within the transistor package 

fig. 9. Basic rf linear 
amplifier circuit for 
new h i g h - p o w e r 
linear rf transistor. 

30 MHz. 
To provide operation in class B or AB 

the bipolar transistor must be slightly 
forward biased. Unfortunately, this 
biasing increases the possibility of des-
troying the transistor because of secon-
dary breakdown. However, the new 
2N6093 transistor can be operated safely 

is a temperature-sensing diode for bias 
compensation and run-away protection. 
This diode insures that the forward bias 
varies with temperature in the same 
manner as the base-emitter voltage of the 
transistor. An external current amplifier 
is required to build the diode sensing 
signal up to a usable level. 
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tebook 

relay activator 
Occasionally, ssb exciter or transceiver 

relay contacts give trouble when they 
turn on a relay in a linear amplifier. This 
is part of the vox or push-to-talk system; 
any hang-up can be very irritating. 

Some older ideas like placing an 0.5 
juF capacitor in series with possibly 470 
ohms, across the relay line between the 
exciter and the amplifier, may help. 
However, the cost of doing the job with a 
transistor is small, leaving the relay con-
tacts with little current to handle. 

If your amplifier is similar to the 
Henry 2K, which provides 14 to 18 volts 
to its relay, and requires less than 300 
mA to activate it, this method will work. 

Fig. 1 shows the simple circuit. The 
pnp transistor can be replaced with an 
npn if the linear provides negative instead 
of positive voltage to its relay phono jack. 
Some problems were encountered in 
locating a suitable transistor that would 
operate by shorting its base, through a 
resistor, to ground, in order to activate 
the amplifier relay, without tending to 
have the collector current creep toward a 
destructive value. However, the little 
2N4918 30-watt pnp from Motorola 
($1.65) does the job very well. It has a 
hole permitting it to be fastened to the 
inside of the minibox as a heat sink — but 
does not seem to get warm. Since the 
collector is grounded no insulation is 

needed between the 2N4918 and the box. 
This device is rated at some 40 volts; for 
other voltages, see adjacent type numbers 
(2N919, 60 volts; 2N4920, 80 volts). 

The addition of a 1N2070 diode, with 
400 volts inverse breakdown rating, pro-
vides protection from inductive surges 
from the relay coil. It was not installed 
initially; no problems were encountered 
without it. Presumably, some handy 
diode will be available to use as a substi-
tute, if desired. 

The base resistor worked with up to 
5.6k ohms but, above that, the amplifier 
relay did not get enough current to pull 
in. Values as low as 1.5k ohms performed 
equally well but with slightly higher base 
current to be handled by the exciter relay 
contacts. There was no sign of creeping 
collector current. Using 4.2k ohms, the 

7D LINEAR RELAY 
AND + VOLTAGE 

fig- 1. Relay activator operates linear amplifier 
relay with little current on exciter relay con-
tacts. 

transistor handled 300 mA for the ampli-
fier relay, and required only 8 mA on the 
contacts of the exciter relay. 

Much higher current than 300 mA 
probably can be handled by the 2N4918, 
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in which case the base resistor can be 
increased in order to limit the base 
current which will have to be handled by 
the exciter relay contacts. Similarly, some 
Henry 2K relays require only 250 mA; 
any relay coil requiring less than 300 mA 
will require a smaller base resistor for 
satisfactory operation. 

Some interesting variations of the cir-
cuit in fig. 1 may be possible if an 
additional driving transistor is tolerated. 

Bill Conklin, K6KA 

putting the HW-12 
on MARS 

The Heathkit HW-12A ssb transceiver 
can be modified easily for use on the 
4-MHz Navy MARS frequencies without 
any electrical changes. Operation on Navy 
MARS requires a frequency range up to 
about 4050 kHz. In the HW-12A this is 
accomplished by changing the tuning 
range from the original 3800 to 4000 kHz 
to 3850 to 4050 kHz. This is done by 
re-adjusting vfo coil. L5, and the vfo 

the new frequency range the driver grid 
coil, L2 (40-516) and the driver plate 
coil, L3 (40-513) must be unsealed. Peak 
the top slug of L2 at 4000 kHz and the 
bottom slug of L2 at 3900 kHz; L3 is 
peaked at 3950 kHz. Depending on com-
ponent tolerance, you may have to 
change one of the two fixed-value power-
amplifier tuning capacitors (C206 and 
C207) from 68 to 47 pF. 

HW-12 A dial-conversion kit. 

trimmer capacitor so the vfo tunes from 
1.5433 to 1.7433 MHz (original vfo 
frequency range is 1.4933 to 1.6967 
MHz). 

To improve the vfo output level across 

As a final touch, to maintain appear-
ance and provide direct frequency read-
out, the vfo dial is modified. A very 
professional appearance can be obtained 
by erasing the existing dial numbers with 
an ink eraser, using an el ipse template as 
an erasing guide. A fine-tipped eraser 
pencil works best (see photo). The black 
areas are easily removed from the white 
plastic dial. Black decals are then applied 
inside the erased areas at 3850, 3900, 
3950, 4000 and 4050. A touch of clear 
plastic model paint over the decals com-
pletes the job. 

I have had excellent results throughout 
the 4th Naval District with the modified 
HW-12A and a dipole antenna. The dipole 
consists of approximately 108 feet 
number-16 insulated wire, twisted around 
nylon sash cord for strength. It is center-
fed with a 1:1 balun and RG-8/U coaxial 
cable; vswr at 4 MHz is 1.15:1. 

David M. Stahley, K8AUH 
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crystal-controlled 
frequency markers 

A simple frequency marker for your 
sweep generator can be built from several 
surplus crystals. Piezoelectric crystals 
function as highly-selective notch filters 
when placed in shunt with an rf signal, 
and have been used successfully in the 
grid and plate circuits of fm repeater 
receivers to short unwanted frequency 
components to ground. 

"£ 1 I 1 1 t " 
/J? /J? J? /X 

fig. 2. S imp le crystal-control led frequency 
marker uses shunting characteristics of quartz 
crystals. 

The crystal frequency marker unit in 
fig. 2 consists of several parallel-con-
nected crystals mounted in a minibox. 
The output of the sweep generator is 
passed through the device to the circuit 
under test. Since energy at the resonant 
frequency of each crystal is shunted to 
ground, there is a suck-out for each of the 
crystals used in the circuit. In addition, if 
the crystals are overtone types, frequency 
markers are also shown at the harmonic 
frequencies. 

The small amount of capacitance con-
tributed by the circuit in fig. 1 tends to 
shunt the rf signal more and more as the 
sweep signal increases in frequency. This 
appears as a slight negative slope on the 
oscilloscope display. 

Earnest A Franke, WA4ADK 

high-voltage 
step-start circuit 

Fig. 3 shows a fail-safe step-start cir-
cuit for the primary of high-voltage 
power supplies that is simple and effec-
tive, having been used for many years in 
various applications. With the present 
trend to higher and higher capacitances in 
power supplies this start circuit it a 

simple precaution to extend the life of 
diodes and filter capacitors by reducing 
the initial surge charging current. 

Furthermore, in the case of an over-
load, which may not react to other 
protective circuits, this step-start circuit 
will revert to its initial state, thereby 
providing a measure of protection. With 
appropriate connections this circuit may 
be used with either 120 or 240 volts ac. 

Relay K1 is the contacter normally 
used to energize the high-voltage primary 
winding. As it closes a voltage drop will 
occur across R1. This voltage drop is 
adjusted to suit the requirements of the 
power supply. The voltage drop across R1 
diminishes after the initial surge, and 
relay K2 is energized, shorting out R1. 
On a 240-volt system K2 may be con-
nected to the center-tap of the power 
transformer, or to the neutral. 

Marv Gonsior, W6VFR 

6 
PRIMARY 

zs 
2SW 

- V W -

HI6H-VOLT ACE 
TRANSFORMER 

E 
fig. 3. High-voltage step-start circuit. 

rotator improvement 

If you have an Alliance T-45 rotator 
(or similar non-automatic rotator) a 
simple circuit modification will eliminate 
the tiresome task of holding down the 
control bar with your finger. Just install a 
dpdt switch, with center off, in parallel 
with the contacts on the control-box 
switch. Switch mounting is a bit of a 
problem since there isn't room enough in 
the T-45 control-box to accommodate 
the new dpdt switch. For my control box 
I put the added switch in a small metal 
file box complete with direction labels 
(clockwise and counter-clockwise). Now I 
have one hand free for tuning the rig 
while I run the antenna around. 

Ed Mitchell, WA0VAM 

64 Q S September 1971 



ST-6 RTTY 
demodulator 

o o _ _ MM • 
— - • 4 « 

HAL Devices now offers a standard 
wired ST-6 RTTV Terminal Unit. The 
unit is enclosed in a very attractive 
cabinet with all control and connector 
functions clearly labeled. Because of the 
standardization required to produce the 
silk-screen from which all front and real 
panels are labeled and drilled, wired units 
are available only in the maximum 
feature configuration for both shifts with 
autostart and anti-space. An additional 
feature of all wired units is the inclusion 
of meter-switching to allow use of the 
meter for both a tuning indication and to 
indicate loop current. 

The cabinets are 3/4" high x 17" wide 
x 12" deep and are available in rack-
mounted or table-top configurations. The 
top and bottom panels of the cabinet are 
easily removable for access to the circuits 
boards and other components. These 
units are wired by skilled professional 

personnel, and all tuned circuits are 
aligned with an electronic counter to a 
tolerance of 5 Hz for the 850-Hz shift 
circuits and 3 Hz for the 170-Hz circuits. 
All adjustments are pre-set at the factory 
and all modes and features of each unit 
are tested in actual operation, receiving 
and printing R T T Y signals. 

All wired HAL Devices products carry 
a 1 year warranty against defects in 
materials and workmanship. The wired 
ST-6 is priced at $280.00 plus postage; 
shipping weight is approximately 23 
pounds. When ordering be sure to specify 
which cabinet style, rack or table-top, is 
preferred and include sufficient remit-
tance to cover postage and insuranee. 
Limited staff time at HAL Devices as well 
as the great care (and therefore time) 
taken in the construction of each unit 
means that delivery times will be long, and 
at least 1 month should be allowed for 
each wired ST-6 ordered. Wired units are 
constructed on an as-received basis, the 
earliest orders being processed and con-
structed first. HAL Devices will acknowl-
edge receipt of all orders for wired units 
and will indicate the projected delivery 
date at that time. 

H A L Devices also offers ST-6 parts 
kits for the amateur who wants to build 
his own. To order, write to H A L Devices, 
Post Office Box 365, Urbana, Illinois 
61801. For more information, use check-
off on page 94. 

digital frequency meter 
The Micro-Z FM-36 frequency meter 

includes all of the features that have 
made the FM-6 so popular — high quality 
and accuracy, ease of assembly, guar-
anteed operation, small size and 
cost — plus the added convenience of a 
third digit to simplify switching and 
readout. 
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This instrument is useful in the service 
shop for calibrating audio and rf signal 
generators or testing transmitter and re-
ceiver oscillators and multipliers. Simply 
connect the FM-36 to the output of your 
transmitter with the coax T-connector 
supplied, and your frequency is measured 
and displayed whenever you are on the 
air. In addition, a companion prescaler is 
available for vhf operation. 

The FM-36 operates from audio fre-
quencies through 35 MHz with input 
signals from 0.4 to over 200 volts. The 
circuit is completely self-contained with a 
117-Vac power supply. The FM-36, 
factory assembled and tested, is $164.50, 
The FM-36 kit, including all parts and 
detailed assembly instructions, is $134.50 
from Micro-Z Electronic Systems, Box 
2426, Rolling Hills, California 90274. For 
more information use check-off on page 
94. 

cordless electric 
soldering iron 

The new cordless electric soldering 
iron offered by the Technical Equipment 
Company provides an output of 40 watts 
with a heavy-duty 10 amp-hour NiCad 
battery. The Express 2000 features in-
stant heat, negligible magnetic field, two 
interchangeable tips (25- and 40-watt), 
complete portability, and is solid-state-
device proof — battery operation assures 
complete electrical isolation. 

The Express 2000 cordless soldering 
iron has an operating voltage of 1.25 Vdc. 
This is furnished by the rechargeable 
battery. Each single charge of the battery 
provides 120 soldering operations; a full 
recharge takes 14 hours. The useful life of 
the battery is 3000 recharge operations. 
The soldering tips are chrome nickel steel 
with pure nickel points. Accessories in-
clude a 110 Vac charger, 110/220 Vac 
charger and recharge case with battery. 
For more information use check-off on 
page 94, or write to Technical Equipment 
Company, Post Office Box 247, Bothell, 
Washington 98011. 
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fiberglass mobile 
antennas 

The new Shakespeare fiberglass an-
tennas are a breakthrough in the design of 
mobile radio antennas. Two models are 
available: the style 4 56 for low-band, 25 
to 57 MHz; and the style 455 for high-
band, 144-174 MHz. Every effort has 
been made by the Shakespeare engineers 
to design an antenna that delivers the best 
electrical and mechanical performance 
without any compromises. 

Particular care was given to eliminating 
built-in losses that absorb rf energy. This 
was accomplished with a low-dielectric 
taper-molded helix that offers precision 
repeatability, silver-plated solid-copper in-
ductor to minimize coil heating, 
stranded-silver-conductor whip for large 
current-flow area, and separation of body 
metal from coil circuitry to reduce stray 
capacitance and leakage currents. These 
features combine to offer a high-Q circuit 
for maximum performance. 

The flexible fiberglass tip inserts 
directly into the lower housing and elimi-
nates the need for a base spring. The 
pressure-molded housing permanently 
seals the coil against the outside environ-
ment. A set-screw adjustment is provided 
so the tip can be slipped in or out for 
lowest swr. Adapters are available to 
adapt the style 455 and 456 to other 
popular brand base mounts. 

The style 456 is a 1/4-wave antenna 
with a power rating of 100 watts. Stand-
ing-wave ratio is 1.3:1 or less when cut to 
exact frequency; input impedance is 50 
ohms. Bandwidth is 300 kHz at 25 MHz, 
increasing to 1 MHz at 50 MHz. 

The style 455 is a 5/8-wave antenna, 
power rated at 100 watts, with a power 
gain of 2.7 dB. Standing-wave ratio is 
1.3:1 or less when cut to exact fre-
quency; input impedance is 50 ohms. 
Bandwidth is ±2.5 MHz for 2:1 swr. 
Frequency range is 144 to 174 MHz. For 
more information, use check-off on page 
94, or write to Shakespeare, Post Office 
Drawer 246, Columbia, South Carolina 
29202. 
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a second look b» 

risk 

Semiconductor microwave power devices 
— diodes that use drift time to generate 
large amounts of rf power — are finding 
their way into more and more com-
mercial microwave equipment. Although 
these devices were predicted theoretically 
nearly fifteen years ago, it wasn't until 
1963 that a practical solid-state power-
generating device was actually built. 

The Gunn diode or bulk-effect device 
is a simple chunk of n-type gallium arse-
nide that generates microwave power di-
rectly when a voltage is placed across it. 
When a constant voltage is applied to 
the semiconductor material the current 
through it fluctuates at an extremely 
rapid rate, although somewhat randomly. 
If the slice of semiconductor is less than 
about 0.005-inch thick the current no 
longer fluctuates randomly, but rises and 
falls in a cyclic way, generating micro-
wave power. 

The bulk-effect device is inherently 
broadband and frequency output is de-
termined by the circuit in which it is 
used. Present maximum power output in 
the CW mode is 1 watt at 5000 MHz and 
pulse powers of 2000 watts at this fre-
quency have been obtained in the lab. 

Avalanche diodes are another source 
of microwave power. These diodes oper-
ate in two basic modes: Impatt and 
trapatt. Impatt (for IMPact Avalanche 
Transit Time) oscillators use the negative 
resistance that results from a combi-
nation of internal secondary emission 
and bunched current carriers that drift 
through the solid-state material and de-
liver rf power by causing external circuit 
current which is 180° out of phase with 
the applied voltage. 

In the Trapatt mode (for TRApped 
Plasma Avalanche Triggered Transit) the 
diode operates in the Impatt mode at 
some high microwave frequency and the 
desired output is taken at a subharmonic 
of the Impatt frequency. Trapatt diodes 
can deliver 10 watts CW at 1000 MHz 
with about 60% efficiency. The much 
less efficient Impatt diodes operate at 
about 10% efficiency, but at much higher 
frequencies — up to 150 GHz. 

Although the cost of off-the-shelf de-
vices is still fairly high, some enterprising 
engineers have discovered that the simple 
rectifier diodes in your amateur gear may 
be uhf Trapatt oscillators in disguise. 
They found that ordinary Fairchild FD-
300 rectifier diodes y ie lded 68-watt 
pulses at 630 MHz! Out of 100 FD-300s 
purchased for the experiment, 83 oscil-
lated with greater than 35-watts average 
output. When three diodes were mounted 
in parallel they provided repeatable 395-
watt pulses at 570 MHz; efficiency was a 
surprising 75%. 

The Fairchild FD-333 rectifier, which 
has higher capacitance and greater break-
down voltage than the FD-300, has been 
made to generate a respectable 152-watt 
peak power at 630 MHz, so it's doubtful 
that these are isolated cases. There must 
be many other common silicon rectifiers 
that perform as well or better as micro-
wave generators. If you are already using 
commercial microwave diodes in your 
uhf equipment, or have found other 
low-cost rectifiers that yield useful a-
mounts of uhf power, I would like to 
hear about it. 

Jim Fisk, W1DTY 
editor 
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« n publisher's 

skip tenney 
W1NLB 

Who won the Signal/One-Alpha 70 pack-
age and the many other fine prizes in 
ham radio's 1971 Sweepstakes? This ques-
tion has been asked rather frequently 
of late since many readers failed to see 
the announcement of the top-prize win-
ners in " A Second Look" in our August 
issue. 

prize winners 

Here are the complete results of the 
Sweepstakes: 

grand prize winner 
Signal/One CX-7 
Alpha 70 Linear by ETO 

Mr. John F. Longley, W2ANB 

second prize winners 

two-Meter solid-state transceivers 

W2CNB 
W4YPC 
WB8DUO 

The big moment finally arrives as H a m Radio ' s 
advertising manager, Hilda Wetherbee, draws 
the winning Sweepstakes entry. 

third prize winners 

W 0 E A D W0EZE K7HNV 
W5PQA WN5ZGC W2ESH 
WN1MRY WB40EX K0GZW 
WN10NM K5FRI K 0 A R K 
K80SR K9WTT WN8HPO 
W7HJR WA4AUC WA8VSJ 
W7HJY WN4PFR WA8SXA 
K 7 Z V A WB4LOY W8LPY 
WA5PMY WA4YTK WA8ZJL 
W A 0 T R F W2WKL WN4QYG 
W1PEX W4BRE W6DZK 
K9TTE W4FES WN60BJ 
WA7GUV WA4FIG K6BOY 
W A 0 N E H W4ZSK W6JN 
W4ICL K40G WN6LAJ 
WN5YBM WA0QJK WA6MQT 
W9UCI WN1KQB 

On behalf of all of us here at ham 
radio, we want to thank the many thou-
sands of you who entered for your par-
ticipation. Our only regret is that every-
one could not be a winner — maybe 
you'll be the lucky one next time. Let's 
hope so. 

We are quite proud of this issue of 
ham radio. A check of our advertising 
index will show more advertisers in this 
issue than have appeared in any issue of 
any amateur magazine during 1971 {and 
probably for a good while before that). 
Although this is the result of a lot of 
hard work by our staff, it is also very 
much a credit to you, our reader. Your 
support of our advertisers has made ham 
radio a good investment for them. Keep 
up the good work! 

Skip Tenney, W1NLB 
Publisher 
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sonobaby 
vhf fm 

transmitter 

A miniature, 

solid-state design 

that provides 

low cost through 

the use of 

readily available 

surplus Sonobouy 

components 
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Although interest in two-meter fm has 
been increasing at an explosive rate, there 
have been few practical circuits published 
for high-performance vhf-fm transmitters. 
The solid state fm transmitter described 
in this article is designed for operation 
from 12-volt dc power supplies, provides 
2-watts rf output and has excellent audio 
quality. Best of all, it may be duplicated 
easily and at low cost. 

The advent of surplus Sonobouy trans-
mitters,* and the ingenuity of some 
enterprising amateurs who discovered 
how easily they could be put on 2 meters, 
have resulted in a high quality 2-meter fm 
transmitter that is ideal for use in an fm 
base station, mobile unit or walkie-talkie. 
The 2-watt rf output has been more than 
adequate for working our repeater from 
35 miles away using nothing but a %-wave 
ground-plane antenna. 

The original Sonobouy transmitter 
consists of two 4 x 12-inch printed circuit 
boards (shown in photo) and is quite 
large and cumbersome. We decided to see 
what could be done about civilizing this 

•Surplus Sonobouy transmitters are $14.95 
postpaid from Monks Electronics, 313 Old 
Farms Road, Sirnsbury, Connecticut 06070. 
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brute and reducing its size with a mini-
mum of work and cost. 

The audio section was the first to go; 
it simply had too many parts for the job 
it had to do. We decided to replace it 
with a simple two-stage circuit that had 
about the right amount of gain for 5-kHz 
deviation (see fig. 1). The new audio 
section uses an inexpensive field-effect 
input transistor (Q1) plus one of the 
transistors from the original Sonobouy 
audio board (Q2). With this circuit, devia-
tion is controlled quite effectively by 
potentiometer R1. (Additional deviation 
may be obtained by increasing the value 
o f C 5 t o 1 0 jliF.) 

The original Sonobouy rf board ap-
peared to use a normal amount of com-
ponents and worked very well. However, 
the oscillator wasn't very stable after 
lowering the frequency from 20 to 18 
MHz, so we used a new oscillator 
circuit that was based on proven designs. 
The new oscillator circuit is very stable 
and requires no adjustments or peaking— 
simply install a crystal. 

The new 3 x 6-inch printed-circuit 
board shown in the photographs accom-
modates both the rf section and the audio 
section. This layout is the result of 
considerable parts shifting and several 
earlier boards; however, signal qual i ty 

actually exceeds the quality of the orig-

Origlnal Sonobouy transmitter board 
(top) and audio board (bottom). 

inal. This transmitter, which we call the 
Sonobaby, has proven so popular that a 
parts list was developed that would allow 
amateurs not having access to a Sono-
bouy to build one from scratch.* 

This Bearcat fm scanner monitor has been 
converted to a transceiver by installing a Sono-
baby fm transmitter inside. Many vhf-fm re-
ceivers have been used in this manner to build 
complete transceivers and walkie-talkies. 

*An etched and drilled epoxy circuit board can 
be purchased for $7.50 from Sonobaby, Post 
Office Box 92, Pueblo, Colorado 81002. A 
complete parts list, plus changeover informa-
tion from the original Sonobouy transmitter 
and tuneup procedure is included with each 
board. 

A semiconductor package for the Sonobaby vhf 
fm transmitter is available at a special price 
from Circuit Specialists. The transmitter 
package, consisting of Q1, HEP802, Q2, 
HEP50, Q3 and Q4, HEP730. Q5, HEP719, Q6, 
HEP75, CR1, MV2101, and CR2, HEP104, is 
priced at $9.05. A semiconductor package for 
the power supply, consisting of Q1, HEP624, 
CR-CR4, HEP175, and CR5, HEP605, is $5.00 
postpaid. Order from Circuit Specialists Com-
pany, Box 3047, Spottsdale, Arizona 85257. 

A complete kit of parts for the Sonobaby, 
including circuit board and all components (less 
power supply) is priced at $47.50 complete, 
plus shipping, from H A L Devices, Post Office 
Box 365H, Urbana, Illinois 61801. This parts 
kit includes an rf detector and 1-mA meter for 
use in tuneup. 
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>4700 

i - CIS — —l > — 

Cll 
ISO 

r ^ H 

4T0 

C I 1 (IF electrolytic 
(Mallory T A C 105M020P02) 

C2 1.5 JJ.F electrolytic 
(Mallory T A C 155M020P02) 

C3 4.7 JUF electrolytic 
( G E 76 F - 0 2 K C 4 R 7 ) 

C4 lo flF electrolytic 
( G E 76 F -02FC100) 

C5 2.2 JUF electrolytic 
(Mallory T A C 225M020P02) 

C6.C11 120 pF Disc 
(Sprague 5GA-T12) 

C7.C12 270 pF Disc 
(Sprague 5GA-T27) 

C8.C21 3.3 p F npo Disc 
(Sprague 1 0 T C C - V 3 3 ) 

C9 ,C31 ,C33 

CIO 

C13.C16 

C14 

C15.C20, 
C26 

C I 7 

C I 8 

5/25 p F npo trimmer 

(Erie 557-000A-5-25) 

15 p F Disc 
(Sprague 5GA-Q15) 

.001 (IF Disc 
(Sprague 5 G A - D 1 0 ) 

330-pF Disc 
(Sprague 5 G A - T 3 3 ) 

3-12 p F npo tr immer 
(Erie 557-OOOA-3-12) 

47 p F Disc 
(Sprague 5GA-Q47) 

82 pF Disc 
(Sprague 5 G A - Q 8 2 ) 

fig. 1. Schematic diagram of 2-watt vhf-fm transmitter. 

the circuit 
In the circuit in fig. 1 a field-effect 

transistor, Q1, is used as an audio pre-
amplifier. Transistor Q2 further amplifies 
the audio signal and passes it on to the 
varactor diode, CR1. The capacitance of 
CR1 changes with the audio signal, vary-
ing the frequency of the crystal-con-
trolled oscillator, Q3. The zener diode, 

CR2, regulates the voltage to the audio 
amplifier and provides constant bias to 
the varactor. 

The tank circuit of the 18-MHz crys-
tal-controlled oscillator stage is tuned to 
73 MHz; transistor Q4 doubles this signal 
to 146 MHz. Transistor Q5 drives the 
power amplifier, Q6, to 2 watts output 
on 2 meters. 
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C19.C22, 390 pF Disc 
C24.C27, (Sprague 5GA-T39 ) 
C28,C30,C32 

C23.C29 0 . 0 5 / i F Disc 
(Centralab D D 5 0 3 ) 

C25 15 pF npo Disc 

(Sprague 10TCC-Q15) 

C34 52 pF Disc 

CR1 M V 2 1 0 1 varactor 
(Motorola) or Eastron V C 2 1 0 1 

CR2 9.1 V zener 
(Motorola HEP104) 

Y 1 Crystal, order from International 
Crystal Company for Westinghouse 
Air Brake. Carry Phone II 20TS-1 
Transmitter; specify operating fre-
quency and commercial Standard 

L I 15 fJLH choke 
(J. W. Miller 9310-40) 

L2 .L12 10 £(H choke 
(J. W. Miller 9310-36) 

L3 5 turns no. 16, 1 5 / 1 6 " I D tapped 
at 1 1/2 turns 

L4,t_5,L14 1.5 JiH 
L I 5 (J. W. Miller 9310-16) 

L6 ,L9 4.7 JUH 
(J. W. Miller 9310-28) 

L7 3 turns no. 16, 1 5 / 1 6 " I D 

L8 7 turns no. 22, closewound on 
3 / 1 6 " plastic rod 

L10 7 1 /2 turns no. 22, closewound on 
3 / 1 6 " plastic rod 

L I 1 5 turns no. 22 on 3 / 1 6 " plastic 
rod, 5 / 1 6 " long 

L13 4 turns n o . 1 6 

L16 .L17 12 turns no. 22, closewound on 
3 / 1 6 " plastic rod 

L18 5 turns no. 1 6 , 5 / 1 6 " I D 

construction 
To build the Sonobaby from the orig-

inal Sonobouy, simply remove the com-
ponents from the original circuit boards 
and install them on the new Sonobaby 
circuit board. A few small parts must be 
purchased; notably the field-effect tran-
sistor and the 9.1-volt zener diode. It's a 
good idea to unsolder the transistors and 
the varactor before removing the other 

parts; this prevents excess heat from 
damaging them. Tag each of the semi-
conductors so you know what they are, 
and put them on a shelf out of the way as 
they should be the last parts you install 
on the new board. 

For greater efficiency and power out-
put rewind the coils as noted in the parts 
list. If you carefully examine the existing 
Sonobouy coils you will find that several 
of the original coils have the correct 
number of turns if they are moved to 
another location. 

The coils wound on plastic rod stock 
are most easily made by first drilling two 
holes in the plastic rod the correct dis-
tance apart. The coils are then wound, 
passing the ends of the wire through the 
holes. 

After all the components have been 
installed on the new printed-circuit board 
inspect it thoroughly for bad solder joints 
and short circuits before applying power. 
Connect some sort of indicating dummy 
load across the output (a wattmeter or a 
number-47 bulb), put a 500-mA meter in 
the 12-volt supply line and apply power. 
If you made no mistakes the unit will 
draw approximately 20 mA untuned; if it 
goes up in smoke you didn't inspect it 
carefully enough after installing the parts 
on the new circuit board. 

tune up 
When the transmitter has passed the 

first smoke test you can proceed with the 
tuning. First, tune C15 for maximum 

Foil side of the printed-circuit board for 
the Sonobaby vhf-fm transmitter. 

- ViXti 

ilPiflP^' 
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current through the 500-mA meter. Then, 
with a wavemeter (or grid-dipper in the 
diode position) tuned to 73 MHz and 
coupled to L3, adjust C15 maximum 
indication. 

low to be measurable, is estimated at 10 
milliwatts. 

To put the Sonobaby on the air, 
connect a crystal or ceramic microphone 
to the input and adjust R1 for the best 

fig. 2. Power supply for the vhf-fm transmitter. Transformer T1 is a 12.6-volt filament transformer 
rated at 1 amp. DPdt relay, K1, has 100-ohm coil. 

The remainder of the alignment pro-
cedure is very straightforward: tune C20, 
C26, C31 and C33 in sequence for maxi-
mum rf output. Keep a check on the 
transistors during tuneup to make sure 
they don't get too hot. It is normal for 
them to be warm to the touch; if you can 
fry eggs on them, shut the power off then 
let them cool off before proceeding. 

Capacitor C9 can be adjusted to put 
you precisely on frequency. If you have 
difficulty getting on frequency the value 
of C10 can be varied or the bias voltage 
set up by R9 and R19 can be changed. 
For best operation the bias voltage should 
be from +4 to +6 volts. 

For the final step, couple an indicating 
wavemeter to the output and retune all 
capacitors for maximum indication. 
Check the second harmonic (292 MHz) to 
make sure it is well suppressed; if it is not 
touch up the tuning capacitors. 

In the interest of good amateur prac-
tice (and conserving electricity) the value 
of R18 can be increased to as much as 
1000 ohms for reduced power output. 
WA0UZO, who happens to live close to 
the repeater, has operated a Sonobaby 
with the final transistor removed and the 
antenna connected to L16. The circuit 
only draws 50mA, and output power, too 

sounding audio. To observe the audio 
signal connect an oscilloscope to the 
collector of Q2. 

transistor substitution 
The bias resistors and capacitors 

shown in the schematic are correct for 
transistors salvaged from a Sonobouy 
transmitter. However, any substitution of 
transistors will likely require bias adjust-
ments on that particular circuit. 

Bias adjustment is very easy with a 
resistor substitution box. The procedure 
is simple: start at the crystal oscillator 
stage and adjust the bias resistors until 
the oscillator is putting out the desired 
signal; then move one stage at a time 
toward the final, adjusting each for maxi-
mum output. 

After each change in capacitor value 
check for spurious and harmonic outputs. 
In some cases you may notice that a 
capacitor can be completely removed 
from the circuit for increased power 
output. Use extreme care — all capacitors 
in the circuit have a job to do; removing 
one is asking for trouble. 

For example, if the 52-pF capacitor 
from the base of the final transistor to 
ground is removed, a wattmeter will 
indicate a decided increase in power 
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output. However, a careful analysis of the 
output signal will show that the power is 
all in spurious signals and harmonics. In 
this case I would recommend that this 
capacitor be changed to 30 or 40 pF and 
the output analyzed again. 

power supply 
The regulated power supply in fig. 2 

has proven to be very satisfactory for 
operation of the Sonobaby and a solid-
state whf-fm receiver. The parts are not at 
all critical — use whatever you have on 
hand. The transformer should be rated 
at about 1 ampere; the 13-volt zener 
diode can be taken from the audio board 
of the original Sonobouy transmitter. The 
transistor, Q1, should be rated at 5 or 10 
watts. A dpdt relay with a coil resistance 
of about 100 ohms completes the system. 

conclusion 
The Sonobaby can be used as a minia-

ture base station or it can be built into a 
walkie-talkie. There are many compact 
vhf-fm receivers on the market which are 
sold as police monitors; they can be 
coupled with the Sonobaby fm trans-
mitter to provide a complete vhf-fm 
transmitter, and you can be on the air 
enjoying the benefits of 2-meter fm. 

ham radio 

" Y o u say you're snowbound in a b l iz2ard about 
twenty miles north of Notrees, Montana? 
Well, listen, I hate to interrupt, b u t . . ." 

DIODES ^ 
TOP-HAT EPOXY 

STUD-
EPOXY MOUNT 

PIV 1.5 AMP 1.5 AMP 3 AMP 6 AMP 

50 .04 .06 .12 .15 
100 .06 .08 .16 .20 
200 .08 .10 .20 .25 
400 .12 .14 .28 .50 
600 .14 .16 .32 .58 
800 .20 .40 .65 
1000 .24 .48 .75 

CAPACITORS 
ALL NEW FULL AXIAL LEADS 

1 Mfd @ 25 Volts 5 for $1.00 
3 Mfd @ 6 Volts 5 for $1.00 
5 Mfd @ 15 Volts 5 for $1.00 

10 Mfd @ 6 Volts 5 for $1.00 
30 Mfd @ 15 Volts 5 for $1.00 
80 Mfd @ 2.5 Volts 5 for $1.00 

100 Mfd @ 15 Volts 5 for $1.00 
250 Mfd @ 30 Volts 3 for $1.00 
500 Mfd @ 25 Volts 3 for $1.00 
500 Mfd @ 50 Volts 40«f ea. 
800 Mfd @ 20 Volts 3 for $1.00 

1000 Mfd @ 12 Volts 3 for $1.00 
1500 Mfd @ 25 Volts 2 for $1.00 

NEW 
Dipped Mylar Capacitors. 

.1 MFD @ 100 Volts 

.15 MFD @ 100 Volts 

.22 MFD @ 100 Volts 
Your Choice.' 16 for $1.00 ppd. 

Tl 1N914 Silicon Diodes. 16 for $1.00 ppd. 

1N4004 Silicon Diodes 18<* each 

1N270 Germanium Diodes 
5 for $1.00 ppd. 

HIGHEST QUALITY AMERICAN MADE 
POWER CORD ^ 

6 Foot Gray Cord. Good ^ 
for At _ Least 7 Amps, f^pf/j[(iWPIlp 
Plugs into Auto Cigar-
ette lighter 75</each 

or 3 for $2.00 ppd. 

1N4007 Diodes 28tf ea. ppd. 

Unmarked Germanian diodes, similar to 1N34. 
25 for $1.00; 100 for $3.00 

JUST ARRIVED 
115 VOLT TRANSFORMER 

Secondary 32-0-32 Volts at 1 Amp. 
Also low current 6.3 Volt Secondary for 

Pilot lights 
$2.50 each ppd. 

Back In Stock! 
.1 MFD @ 50 Volt Dipped 

Mylars. 20 for $1.00 ppd. 

Disc Ceramic Capacitors. Very Small — 
Vz" Diameter. All Full Leads. 

.01 MFD @ 500 Volts 

.001 MFD @ 500 Volts 

.015 MFD @ 500 Volts 
Your Choice! 20 for $1.00 ppd. 

About 

SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6 % State sales tax 

ALL ITEMS PPD. USA 

m. wein/chenker 
K3DPJ BOX 353-IRWIN, PA. 15642 
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direct-reading 

capacitance 
meter 

for electrolytics 

This simple adapter 

turns your vtvm 

or vom 

into a 

direct-reading 

capacitance meter 

for electrolytic 

capacitors 

up to 1000 uF 
Some years ago I converted some tran-
sistor testers to give me direct readout of 
beta on the resistance scale of a vtvm or 
vom. This was a real time saver at home 
and on the job and provided accurate 
readings over two decades without any 
switching.1 Since then I have been look-
ing for a way to read voltages on the 
resistance scale. Imagine being able to 
read from 1 to 100 volts on the same 
scale with reasonable accuracy! Although 
I haven't found a way to do that it 
became apparent that capacitance could 
be read this way. 

The required capacitance scale is the 
same as the standard resistance scale. My 
other capacitance meters {I've had two) 
cover values between 10 and 1000/uF and 
could not be modified to do so. The 
adapter I built for neasuring large values 
of capacitance is quite simple (see fig. 1). 
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Fig. 2 shows a version for volt-ohmmeters 
which works well and is for those of you 
who don't own a vtvm. 

construction 
If you have a vtvm use the circuit of 

fig. 1. Volt-ohmmeters won't be as ac-
curate since they load the circuit more 
and are not quite linear on ac. A 5000-
ohm-per-volt ac meter is all right; a 1000-
ohm-per-volt meter is usable but not 
accurate. In any case, the most critical 
part is the capacitor you use for a 
standard (Cs in the diagrams). Use a good 
quality 5% or better tantalum capacitor, 
even if you have to buy it. 

The value of Cs must be equal to, or a 
decade multiple of, the exact midscale 
ohms reading. This corresponds to half-
scale reading on any dc scale. The value 
you select will determine what center 
scale reading represents in microfarads. 
There's nothing wrong with making it a 
two-range unit if you wish. I used a 100 
juF standard since my vtvm reads 10 at 
midscale; with this setup I can read 
capacitor values from 10 to I O O O m F very 
well. 

The transformer can be a small fila-
ment type. Use as low a voltage (between 
2 and 6 volts) as you can to match a 2-, 
3-, or 5-volt ac range on your meter. 

T h e resistance of the calibration pot 
should be selected experimentally for 
your particular meter. You should easily 
be able to set full scale with it. The 
calibrate switch is used only on the vtvm 
version since the vom version will read 
full scale whenever the test (Cx ) ter-
minals are open. 

The remaining parts may or may not 
be necessary; let me explain their purpose 
and you can decide. C1 is a blocking 
capacitor. Most vtvms have one built in, 
in which case you don't need it. Voms 
might read correctly without it; one o1 
mine does. C2 is an rf bypass; it is needed 
mostly on sensitive meters or if you are 
near a broadcast station or have your 
transmitter on. 

The diode CR1 can be any small 
silicon diode or rectifier. It insures that c 
dc voltage will build up across the tesl 
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capacitor. It is not absolutely necessary 
because the normal rectifier action of 
electrolytic capacitors will do this to 
some extent. Readings are almost 
identical with or without the diode, but 
including it might make you feel better. 
At low voltages most electrolytics start to 
act like non-polarized devices; if you 
intentionally reverse polarity you get 
nearly the same reading. 

I won't tell you how to put these parts 
in a box. There are enough good tips on 
construction practices in other arti-
cles - just go te> it. 

operation 
Here are some tips on using this 

gadget. Remember to set and connect 
your meter as an ac voltmeter on about a 
3-volt range. Do not set to a resistance or 
ohmmeter position. But when you make 
your capacitance measurements read the 
capacitance value on the resistance 
(ohms) scale. 

Check your full-scale calibration often 
if your line voltage fluctuates. If you use 
a 6-volt transformer tap do not test 

to 

3V 

AC 
COM VOLTS 
9 9 

cz 
OS 

CI 
(see text) 

IliF 
cni 
IN40CH CALI-

BRATE ; 
too* 

I ^ ^ 
.;c« c a l 

i 
p r v Y Y V ^ 

<-> navic. <-> 

66V 
FILAMENT XFMR 

fig. 1. Capacitance meter adapter for a vtvm 
which has an ohms scale which increases up-
scale. To calibrate the adapter, push the cali-
brate switch and set the calibration pot for 3 
Vac full-scale. Cs is a 5% tantalum capacitor, to 
volts or more {see text). 

capacitors with less than a 10-volt rating. 
If you use a 3-volt tap you can safely test 
capacitors rated at 6 volts. 

Vou will find that many electrolytics 
read almost double their marked value 

com Q 

cm 
IN400I 

AC 
VOLTS Q 

C2 OS 

, 01 
.lOliF 

2Sk 

CAUBFtATE 

us vac 

fig. 2. Capacitance meter adapter for volt-
ohmmeter which has ohms increasing down-
scale. To calibrate the adapter set the calibrate 
pot for 5 Vac full-scale with capacitor Cx out 
of the circuit. Cs is a 5% tantalum capacitor, 10 
working volts or more (see text). 

when new. This is normal as capacitor 
tolerances are commonly plus 90%, minus 
10%. High-voltage units may not read 
correctly unless they have been formed 
by operating them at their normal voltage 
for some time prior to testing. 

Check unknown capacitors for shorts 
and leakage before trying to determine 
their capacitance. Vou will find leakage as 
low as 10,000 ohms does not affect 
accuracy much. Vou will want to check 
various known-value capacitors to be sure 
your adapter is working properly and to 
build up confidence in it. Even I was 
skeptical at first. 

reference 
1. Herb Schoenbach, W9DJZ, "Two More Tran-
sistor Testers," 73, September, 1969, page 133. 

ham radio 
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high-performance 
cw processor 

for 
communications 

receivers 

Frequency modulating 

the telegraphy signals 

in your receiver 

provides an interesting 

and profitable 

addition to 

conventional 

receiver design 

There's no doubt that a properly designed 
cw receiver — of the current basic de-
sign — leaves little to be desired in terms 
of plucking out weak signals, providing 
the feet of the band, and allowing the 
character of the other man's transmitter 
to come through. But what about those 
times when impulse noise is heavy and 
you would like to have compression 
without distortion? The technique de-
scribed here is something a brass-pounder 
can add to his present receiver to become 
a discriminating man! The system oper-
ates on received signals to give them the 
same character they would have if they 
had been tone frequency modulated. De-
tection is set up to demodulate an fm 
signal. In this way the advantages of an 
fm system are obtained without the 
necessity of transmitting fm. 
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When impulse noise is present the 
results of fm are well known. And when 
tuning across the band looking for small 
signals —or just general tuning — it's a 
relief to be able to tune across a strong 
signal without having it take off the top 
of your head. Finally, it is nice to have a 
choice, and the unit shown here makes it 
possible to quickly choose between three 
modes of operation: 

1. Conventional bfo 

2. Fm with bfo 

3. Fm with fixed tone 

To simplify the description a unique 
detection system will be shown; then 
the idea will be integrated into a con-
ventional communications receiver. 

basic theory 
Consider a conventional receiver (bfo 

turned off) tuned to a cw signal blasting 
out a series of di-di-di-dahs. The signal 
can be heard going on and off, but there is 
no audio beat note until the bfo is turned 
on. Now, instead of turning on a bfo, 
suppose that a different method is used 
to provide the audio tone. 

A block diagram of this different 
approach is shown in fig. 1. In this system 
the received signal is frequency modu-
lated just like an rf carrier would be in a 
transmitter. Fig. 2 expands the frequency 
modulator block to give you an idea of 
how fm is accomplished. This is the same 
basic technique used by Armstrong in the 
1930s, and is often used to produce 
narrow band fm. 

The incoming signal is split into two 
channels. One of the channels is fed 
through a double-sideband suppressed-
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carrier device, phase shifted 90 degrees, 
and added to the other channel. The 
relative signal strength in each channel 
determines the degree of modulation. 

The 90-degree phase shift could be 

tend to block small-signal inputs. To 
avoid that problem sufficient gain is used 
ahead of the multiplier to get the noise 
background up to at least 10 millivolts at 
the input to the multiplier. A fullwave 

fig. 1. Basic system for frequency modulating telegraphy signals in a 
communications receiver. 

placed in either channel — but not both. 
If no phase shift were present the system 
would simply supply amplitude modula-
tion. In either case the detected tone is 
identical with what is fed into the modu-
lating port of the double-sideband sup-
pressed-carrier circuit. 

the circuit 
To a radio amateur the sound of a 

receiver like fig. 1 is almost as sterile as a 
code-practice oscillator, so let's bear with 
a little more complication to get the feel 
back. The arrangement shown in fig. 3 
provides the three modes of operation 
and may be easily added to an existing 
receiver. 

VWien the modulator is excited by the 
receiver's normal bfo, the feel is back! 
Then, for maximum quiet and/or very 
weak signals, the modulator can be 
switched to the input to the audio oscil-
lator input. Fig. 4 shows a schematic of 
the complete system. 

At this point you may note that a 
considerable amount of energy is left in 
the carrier with sideband information 
some 6 dB down. To reduce that problem 
a final system should multiply the fre-
quency of the signal before running it 
through the discriminator. 

frequency multiplier 

Conventional frequency multipliers 

rectifier circuit with forward bias on the 
diodes reduces diode dead space to enable 
frequency multiplication to start with 
very small signals. (If you have worked 
with nbfm you are well aware that 
frequency multiplication will increase the 
modulation index, thus improving thresh-
old signal detection.) Although more 
multiplication than is shown here would 
be beneficial for an optimum system you 
could obtain an improvement of only 2 
or 3 dB at best. 

discriminator 
I chose a Travis discriminator circuit 

because it does not require a special 
transformer — a problem in this case be-
cause of the odd frequency. (A Travis 
discriminator could be thought of as a 
"push-pull staggered" slope detector.) 
With careful construction and adjustment 
of the balance potentiometer a-m rejec-
tion is reasonably good. 

The easiest discriminator tuning pro-
cedure is as follows (refer to fig. 4): 
Energize the system with a strong, steady 
carrier at the center i-f frequency. Peak 
L1 while looking at the rectified dc 
voltage at diode CR1. Note the peak 
voltage; then tune L I to raise the circuit 
frequency until the voltage is one-half of 
peak. Repeat the same procedure (oppo-
site polarity) with L2 while looking at the 
voltage at diode CR2 but offset this 

18 QB october 1971 



resonant circuit to the low side of peak 
voltage. 

Assuming an i-f selectivity such as that 
recommended under receiver require-
ments is used the discriminator will be 

primarily to hold shielding requirements 
to a reasonable level. It should be pointed 
out that the second harmonic of the i-f is 
in the broadcast band, so care should be 
taken to prevent pick-up from the local 

CHANNEL I 

AUDIO 

fig. 2. Basic phase modu la t ion system. T h e rf input signals to the summing circuit should be 
approx imate ly equal when full audio modu la t i on is present. 

relatively wide. This avoids the spurious 
detection on each side of a discrimina-
tor's S-curve that is sometimes annoying 
in tuning fm signals. 

An fet was used at the input to avoid 
discriminator loading. This stage is fol-
lowed by just enough transistor gain to 
get reasonable headset volume. The cir-

broadcast station. Normal point-to-point 
wiring is completely adequate for this 
circuit. 

receiver requirements 

While this system will function when 
used with a receiver without good i-f skirt 
selectivity the performance would be 

fig. 3. S ignal processor 
is easily added to an 
existing receiver to pro-
vide new as well as con-
ventional modes of cw 
reception. 

cuitry shown in fig. 4 will easily drive an 
audio power stage if speaker operation is 
desired. 

All of the circuits used in this system 
are rather conservative, with minimum 
use of LC elements. This was done 

disappointing. To work well this system 
should be coupled to a receiver with a 
good crystal or mechanical filter. Present 
indications are that an i-f bandwidth of 
200 to 400 Hz, with skirts only twice 
that wide 60-dB down, will give excellent 
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fig. 4. Schematic diagram of the cw signal processor. 

results. 
It is important to note that the 

coupling point should be right after the 
crystal filter (which is usually right after 
the mixer). This prevents the bfo oscil-
lator signal from getting into the input of 
the frequency modulator. 

summary 
Aside from the improved results ob-

tained with this system in the presence of 
impulse noise, it is quite a treat to my 
tired old ears to be able to tune across the 
band, hearing weak signals and at the 
same time, not having my ear drums 
drilled out when that kilowatt down the 
street comes on. 

Although the system shown in fig. 4 
will not outperform a conventional bfo/ 
product detector when low background 
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noise is present there is hope with future 
extensions of the basic idea. 

The next step, of course, is to replace 
the discriminator with a phase-locked 
loop. Once this is done, a narrow-band 
audio filter may be used with more 
advantage than is gained when filters are 
placed after a conventional a-m or fm 
detector. 

This frequency-modulated cw recep-
tion has proven interesting to me, but it is 
relatively complex, and the system with 

the phase-locked loop will be even more 
so. (I am aware that there are easier ways 
to phase modulate a signal but I want two 
separate channels - I have plans there 
too!) 

This article has stopped with the basic 
idea. With enough interest there will be 
more to come. The phone operators have 
had interesting new modulation methods 
to play with; isn't it about time the brass 
pounders had a new toy? 

ham radio 
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the application of 
stress analysis 

to 
antenna systems 

Understanding the 

mechanical design 

of antennas 

and 

supporting structures 

Most amateurs at one time or another 
have wished to extend a mast a few feet 
higher or make a beam with longer 
elements. The question is, "How high or 
how long can one safely go?" The calcula-
tions involved in arriving at the answer to 
this question are relatively simple, and a 
good feeling for the problem may be had 
with little "stress or strain" on the part of 
the interested ham. 

basic data 
The problem simply involves compari-

son and matching of material strength 
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with maximum anticipated load. Two 
equations are used to develop the com-
parison: 

M L = F x D and M R = f x S 

where M L = bending moment developed 
by loading force (lb) 

M r = restraining moment developed 
by loaded structure (lb) 

force of the load (lb) F = 

D = distance from the effective 
point of application of F to 
the fulcrum (in.) 

f = strength of the material being 
used (lb/in.2) 

I = moment of inertia of the cross 
section about its neutral axis 
(in.4) 

C = distance from the neutral axis 
to the extreme fiber (in.) 

S = section modulus (in.3 ) = l /C 

Some of these terms may not be too 
familiar and their calculation even less so. 
However, the table and chart makers of 
America have provided numerous graphic 
aids that do almost everything short of 
coming up with the final answer. 
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bending moment 
Since the problem revolves about the 

"bending moment" concept, let's con-
sider first what bending moment means 
and how it's computed. A bending 
moment is the product of a force and its 
distance to the point under consideration, 
where the force is the component per-
pendicular to a line drawn from the point 
of application to the point under con-
sideration. 

fig. 1. The bending-moment concept. Force 
F is a w ind load exerted on a mast extend-
ing 10 feet above its last support. 

example 1: In fig. 1 the bending moment 
at point A is: 

table 1. S u m m a r y of parameters used in bend-
ing-moment analysis examples. 

w ind velocity (mph) 

w i n d pressure 
pressure on 

flat surface ( lb/ft 2>* 

10 .42 
20 1.7 
3 0 3.8 
4 0 6.7 
50 10.5 
6 0 15 .1 
7 0 20.6 

80 26.8 

9 0 34.0 

1 0 0 42 .0 

area factors 

type of cross section 

open face (latticed) — square -

multipl ication 

factor 

closed face (sol id) 

on face 2.20 
o n corner 2 .40 

t r i a n g l e — o n face 2.00 
parallel to face 1.50 

- square or rectangular 1.00 
hexagonal or octagonal 0 .80 
r ound or elliptical 0 .60 

* l n most instances 2 0 lb/ft is cons idered a safe 
value 

M A = F x D 
= 50 Ibx 10 ft. 
= 500 ft-lb. 

This might represent the bending 
moment caused by a small antenna, with 
a 50-lb wind load, mounted on a mast 
that extends 10 feet above its last sup-
port, or the tension in a wire antenna 
supported by the mast. 

The question now arises, "Fine, but 
where did the wind-load value come 
from?" This again is relatively easy to 
calculate; or if you're lucky, the job may 
have been done already by the manu-
facturer of your antenna or tower. The 
calculation goes like this: 

^ W L = A e x P W 

where F w L = wind load force 

= effective area on which the 
wind is acting 

Pw = wind pressure 

Further explanation of A e and P w are 
as follows. The effective area is that of a 
flat plate which, if substituted for the 
object of interest, would accumulate the 
same total force. It is recommended that 
anyone working on this problem consult 
a handbook such as Reference 1 to obtain 
multiplication factors for different cross 
sections and wind-load values for dif-
ferent wind velocities. These values are 
summarized in table 1, and an example of 
their use follows. 

" J " 

fig. 2. Typical beam antenna used in the 
wind-loading example. B o o m is 2 in. 
dia. x 26 ft; elements are 1 in. dia. x 36 ft. 
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example 2 Find the wind load on a 
3-element 20-meter beam (see fig. 2). 

1 f t . 

table 2, Strength of materials. 

A„o = 2 in. x i 0 . x 26 f t x .6 = 2.6 f t 2 

A p 1 - 3 x 1 in. x t ! - ^ x 36 f t x .6 — 5.4 f t 2 
e 1 12 in. 

A = V A e 1
2 + A e 2

2 = V 3 6 = 6 f t 2 
e m a x B l 

Using 20 lb / f t 2 wind load, 

f w l = 6 f t 2 x 20 lb/ f t2 = 120 lb 

restraining moment 

Now we'll examine the restraining 
moment, which is the force wi th which 
the support structure resists being bent 
by the loading forces. The equation for 
this moment, as given above, is: 

M R = - ^ r = f x S 

The determination of the values to use 
in this equation has again been made 
easier by charts and tables available in 
many structural and mechanical hand-
books. Some of the most common values 
are shown in tables 2 and 3 and fig. 3. 

material 

wrough t i ron 

st ructura l steel 

copper (hard) 

brass (hard) 

compressive 
strength 

tensile strength elastic l imit 
( lb / in . 2 ) (Ib/in.2> 

30 ,000 

40,000 

42,000 

60,000 

a luminum-ex t ruded tub ing 
less than W wal l ; 

2024-T4 

6061-T6 

6063-T6 

7178-T6 

wh i te oak 

ye l l ow pine 

40,000 

35,000 

25,000 

76,000 

30,000 

40,000 

36,000 

35,000 

25,000 

76,000 

5,000 

4 ,000 

example 3 Now we can take a look at the 
problem of extending our mast above the 
tower to get the psychological advantage 
of a few extra feet of height. Assume the 
three-element 20-meter beam of example 

table 3. Elements of section. 

cross section lb/ f t 1 s c 

V2 diameter .031 wal l 0.054 0.001 0.005 0.25 
>/2 .062 0.101 0.002 0.008 0.25 
'/2 .125 0.173 0.003 0 .012 0.25 
% .062 0 .159 0.008 0 .021 0.375 
3/4 .125 0.288 0.012 0.033 0.375 
1 .062 0.216 0 .020 0 .041 0.500 
1 .125 0.405 0.034 0.067 0.500 
IV4 .062 0.274 0 .041 0 .071 0.625 
IV4 .125 0 .520 0 .071 0.113 0.625 
l'/2 .062 0.332 0.073 0.097 0.750 
IV2 .125 0.635 0 .129 0.172 0.750 
2 .062 0 .447 0.179 0 .179 1.000 
2 .125 0.865 0 .325 0.325 1.000 
2 .250 1.616 0.537 0.537 1.000 
3 .125 1.328 1.169 0.779 1.500 
3 .250 2 .540 2.059 1.373 1.500 
4 .125 1.790 2.859 1.429 2 .000 
4 .250 3 .463 5.200 2.600 2.000 

I = moment of inert ia ( in .^) 
5 = sect ion modu lus ( i n . 3 ) 
C = distance f r o m the neutral axis to the ext reme f iber ( in.) 

Reference: Alcoa Structural Handbook, Aluminum Company of America, Pittsburg, Pennsylvania. 
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2 and assume a heavy-duty mast of 2-in. 
0 . D. X. 1/4-in. wall steel tubing. From 
fig. 4, 

Fa = antenna wind load 

F m = mast wind load 

D = height of mast 

d = mast diameter 

The effect of mast wind loading is 
evenly distributed along the mast; there-
fore this force may be considered to act 
at a point half-way up the mast. 

Maximum allowable bending moment: 

M = f x S 
I h 

f = 40,000^"% (from table 2) 

S = 0.537 in.3 (from table 3) 

40,000 t - j - x 0.537 in.3 

in.2 

f t 
= 21,500 in. - lb x r ^ r - = 1,800 ft- lb 12 in. 

fig. 4. Extending a mast above the tower. 
Parameters are defined in the text. 

i , R ' 1 4 

C . R 
. _ «x R' 

SOLID CIRCLE 

iriRf-p,* j 

HOLLOW CIRCLE 

" i 

SOLID RECTANGLE 

HOLLOW RECTANGLE 

fig. 3. Data for determining I , S, 
and C of different shapes. 

Antenna wind load: 

F = 6 f t 2 x 20 a f t 

= 120 lb 

Mast wind load: 

F_ = D x d x . 6 x 2 0 - ^ -m ft2 

= D x .167 x .6x 20 

= 2D 

Total bending moment: 
D 

Mtotal = F a x D + F m x y 

= 120 lb x D + 2 D x 
D 

= 120D + D2 (ft.-lb.) 

Maximum allowable mast height: 

Setting the maximum allowable bend-
ing moment equal to the total bending 
moment, we can now solve for the 
maximum allowable mast height. 

1,800= 120D + D2 

D2 + 120D -1,800 = 0 
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Using the general solution for a quad-
ratic equation, 

-b ± V b2 - 4ac 
2a 

supported at the center and designed to 
withstand 70-mph wind loading. Since 
the element is supported at the middle, 
we need consider only a half element (fig. 
5). 

SECTION 1 SECTION 2 SECTION 3 

fig. 5. Parameters for a typical beam element designed to withstand 70-mph wind loads. 

where a = 1 

b = 120 

c = -1,800 
we have 

D = -120 ± V 1202 - 4 x 1 x (-1,800) 

= -120 ± 147 
2 

27 

= 13.5 f t maximum 

A safety factor to suit the taste of the 
designer may now be applied to come up 
with the final height. If it is desired to 
allow for contingencies such as ice load-
ing or inferior materials, the more conser-
vative approach would be to use values in 
the initial calculations to account for 
them and not try to lump them all into a 
magic safety factor. 

Use the safety factor to account for 
contingencies you have not thought of 
yet! If such an idea should appeal to you, 
be sure to consider also the allowable 
bending moment for your tower (should 
be available from manufacturer) and the 
added load on your rotator (15 f t of 2-in. 
diameter 1/4-in. wall steel tubing wil l 
weigh about 70 lb). 

example 4 Next let's look at the design of 
a beam element, say a 20-meter element 

Section 3: '/2-in. diameter, 0.031-in. wall 

M = S x f 
lb. 

= .005 in.3 x 35,000: r i n / 

= 175 in.-lb x 
Ft 

12 in. 

14.6 ft-lb allowable 

wind loading per linear foot 

= . 5 i n . x t t h " x . 6 x 2 0 
lb 

12 i n / f t 2 

= .5 
Jb 
f t 

weight per linear foot 

= .054 
lb 

f t 

total load per linear foot 

If section 3 is 7 feet long: 

7 f t x .554 
f t 

M 33 

= 3.87 lb 

^33 x ^3 

= 3.5 f t x 3.87 lb 

= 13.5 ft- lb loaded 

This is a safe loading when compared to 
the calculated allowable load of 14.6 ft-lb. 
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Section 2: %-in. diameter, 0.062-in. wall 

M = S x f 
IK 

= .021 in.3 x 35,000r 

weight per linear foot = .216 

in.' 

= 735 in.-lb x~ 
ft 

= .75 
lb 
ft 

weight per linear foot 

= .159" 
Jb_ 
ft 

total load per linear foot 
lb = . 9 0 9 - ^ " 

If section 2 is 6 feet long: 

lb 
Fo = 6 ft x .909 - p -2 ft 

= 5.45 lb 

M 2 2 - F2 X D 2 2 

= 5.45 lb x 3.0 f t = 16.4 ft-lb 

M 2 3 = F 3 x D 2 3 

= 3.87 lb x (6 + 3.5) ft - 36.8 ft-lb 

Total moment at 1-2 = 53.2 ft-lb 

This is a safe loading when compared to 
the calculated allowable load of 61.2 ft-lb. 

Section 1: 1 -in. diameter, 0.062-in. wall 

M = S x f 

lb 
.041 in.3 x 35,0007 in.' 

= 1440 in.-lb x" 
ft 

12 in. 

= 120 ft-lb allowable 

wind loading per linear foot 
ft „ „„ lb 

= 1 in. x t t t — x .6 x 20;tt~ 
12 in. ft2 

, « lb 
= 1 , 0 I t " 

Jb_ 
ft 

lb 
ft 

12 in. 

Total moment at 2-3 = 61.2 ft-lb allowable 

wind loading per linear foot 

= .75 in. x 7 x .6 x 2 0 - ^ -
\Z in. ft2 

total load per linear foot = 1.216 

If section 1 is 5 feet long: 

I h 

F 1 = 1 . 2 1 6 - ^ - x 5 ft 

= 6.08 lb 

M-| 1 = F 1 x D n 

= 6.08 lb x 2.5 ft = 15.2 ft-lb 

M 1 2 = F 2 x D 1 2 

= 5.45 lb x (5 + 3.0) ft = 43.6 ft-lb 

M 1 3 = F 3 x D 1 3 

= 3.87 lb x (5 + 6 + 3.5) ft = 56.0 ft-lb 

Total moment at center of element = 114.8 ft-lb 

This is a safe loading when compared 
to the calculated allowable load of 120 
ft-lb. 

From these calculations the general 
method may be seen for solving this type 
of problem. It should be noted that the 
size of tubing used for each section was 
arrived at by trial and error; i. e., picking 
a size, calculating the allowable moment 
and loaded moment for a reasonable 
length, until a good and reasonable com-
bination was obtained. 

If it's desired to account for possible 
ice loading, simply increase the element 
diameter for the wind loading calculation 
and compute the weight of the ice and 
add it to the weight of the tubing 

lb lb 
(Weight of ice = 6 2 . 5 - p - x .9 = 56.2-^jj"). 

If you wish to design a self-supporting 
vertical antenna, the same technique is 
also used. In this case, however, the 
weight causes compressive stress rather 
than bending moments and in most cases 
may be neglected. 

example 5 As another example, therefore, 
let us look at the design of a 20-meter 
self-supporting vertical, 18 feet high, al-
lowing for 70 mph wind and 1/4 in. of 
radial ice. Fig. 6 illustrates the para-
meters. 
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Section 3: %-»n. diameter, 0.125-in. wall, 
(plus VA in. of ice) 

IV! = $ x f 

= .012 in,3 x 35,000~~5 in/ 

ft 
420 in.-lbx 1 0 . 12 in. 

35 ft-lb allowable 

L _ 

4 

SECTiON 3 

D„ 

J, 

SECTION 2 

N \ 

' 
Mjj 

SECTION 1 

— 

fig. 6. Parameters for a self-supporting 
vertical antenna allowing for 70-mph 
wind and V» in. of Ice buildup. 

wind loading per linear foot 
ft lb 

1 in. x x .6 x 20 12 in. ft2 

1.0 
Jb 
ft 

If section 3 is 8 feet long: 

lb 
Fo = 1 

ft 
81b 

x 8 ft 

M 3 3 = °33 x F 3 

' 4 ft X 8 lb 

= 32 ft-lb 
This is safe loading when compared to the 

calculated allowable load of 35 ft-lb. 
Given the procedure for finding the 

wind load with 1/4 inch of ice on section 
3 of the example shown in fig. 6, I'll leave 
as an exercise the calculation of moments 
for the other two elements. Assume the 
following: section 2: 3/4-in. diameter. 
0.125-in. wall, 5 ft long section 1: 1-in. 
diameter, 0.125-in. wall, 5 feet long 

If your calculations are correct, you 
should obtain a value of 177.5 ft-lb at the 
base, which is a safe load compared to the 
calculated allowable of 195 ft-lb. 

compressive stress 
Assume 1-in. diameter elements with 

1/4-in. ice load and 18 feet high: 

r _ - W 
A 

where C = compressive stress 

W = total weight 

A = cross section area of re-
straining material 

weight of tubing 

= 0.405 ™ x 18 ft 
7.3 lb 

weight of ice 

= tt{ r 2 
2 . r t

2 ) in 

x 18 ft. x 56.2 

ft2 

X 144 in.2 

Jk 
ft3 

total weight 

= 3J4(.752 - ,5Q2) x 18x56.2 
144 

= 6.9 lb 

= 7.3 lb+ 6.9 lb 

= 14.21b 

A = 7r{r2
2 - in. 

3.14{.5002 - .3752)in.2 

.344 in.2 

W 
A 

14.2 lb 
.344 in.2 

4 1 . 3 t % 
in/ 
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This is negligible when compared to the 
strength of aluminum at 35,000— 

in. 

From this example we observe two 
important characteristics. First, the ad-
ditional wind area caused by ice loading 
results in the requirement for heavier 

guying a 65-foot tower that's supporting 
the antenna in example 2. See fig. 7. 

example 6 Force of wind on tower: 

area of one face = 2(1 in. x 12 in.) = 24 in.2 

% in. (12 in .+ 16 in.) = 7 in.2 

total = 31 in. 2 

0 o 
fig. 7. The guying problem for a 65-ft . tower supporting a typical 3-element beam. In A, tower 
elements are 1 in. dia. with >/4 in. bracing. B and C illustrate text description of wind load on top 
guys. D is geometry for calculating force on the top guy. 

construction than the beam element of 
example 4 despite its being supported 
vertically instead of horizontally. Second, 
the compressive stress in the vertical 
element, even with ice loading, is quite 
negligible. 

If you would like to design a husky 
beam element, you might try designing 
for 70 mph wind with simultaneous 1/4 
in. of ice! 

guying 
Another problem for many hams is 

determining the proper size cables to use 
for guying an antenna support structure. 
A simplified approach wil l be taken to 
this problem, which should allow ade-
quate safety. 

To deal with this problem it's neces-
sary to understand the concept of re-
solving a force into components. The 
reader is urged to refer to almost any high 
school physics book to review this tech-
nique. 

Let's now consider the problem of 

effective area of one face (cylindrical surfaces) 
= .6 x 31 in.2 

= 18.6 in.2 

effective wind area of open latticed tri-
angular tower with wind applied per-
pendicular to a face = 18.6 in.2 x 2 

= 3 7 2 i n ' 2 H 4 f ^ 2 

effective total wir^d area per linear foot 
of tower = .258 — 

f t 

Tower wind load per linear foot 
0[_0 f t 2 lb 

= . 2 5 8 ^ x 2 0 - ^ 2 

= 5.16 
Jb 
f t 

The top set of guys wil l have to take all 
of the wind force above that set of guys 
plus the antenna, and about half the force 
between the top and middle set of guys 
(fig. 7B). 
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wind load of antenna (from example 2) 
= 120 lb 

lb 
wind load of tower = 5.16t~~ x 15 f t 

= 78 lb 

total wind force = 198 lb 

Component of force in the top front guy 
(see fig. 7C): 

_ 198 1b 198 1b 
Pi = b = r-n = 396 lb 1 sin 30 - 5 0 

Added to this would be about 100 lb 
of force from tightening up the guy, or a 
total of just about 500 lb of tension. 
Therefore, using 1/8 in. aircraft cable 
with a breaking strength of 2100 lb 
would offer a comfortable safety margin. 
The strain on the lower guys would be 
somewhat less: the calculation is left as 
an exercise for the reader. 

When selecting guying cable, careful 
attention should be paid to the load 
rating. There are many different types of 
1/8 in. cable — some flexible stainless 
steel, some flexible winching cables with 
fiber core, less-flexible 5- or 7-strand 
galvanized, and of course the single strand 
type — all with different load ratings. 
Also, a given cable wil l have many ratings 
depending on the service; i. e., breaking 
strength, yield strength, and working 
strength. And for that matter, the work-
ing strength wil l vary depending on the 
intended use; e. g., winch service rating 
would be lower than that for guying 
service. Suffice to say — check with your 
supplier and be sure of what you're 
buying. 

These are the basics. If you've been 
guessing up to now, you might try some 
calculations to see how safe you are. If 
you've been putting off a project because 
of fear of disaster, perhaps you can try it 
now (with a little less fear)! 

reference 
1. Reference Data for Radio Engineers, Inter-
national Telephone and Telegraph Corp., New 
York, New York. 
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New 
3 Digit Counter 

• The model fm-36 3-digit frequency 
meter' has the same features that has made 
the 2 digit model so popular with Hams 
— low price, small size (smaller than a 
QSL card), 35 Mhz top frequency, simple 
connection to your transmitter, -}-0 —0.1 
Khz readout — PLUS the added convenience 
of a third digit to provide a 6 digit capa-
bility. Kit or Assembled. 
Example: 28,649,800 Hz reads 28.6 MHz 
or 49.8 Khz. (Add the 10 Hz module to 
read 9.80.) 

• A divide-by-ten prescaler is also avail-
able that operates up to 170 Mhz. Extend 
the range of any frequency counter — or 
use with the fm-36 for 6 meter or 2 meter 
use. 

FM-36 KIT $134.50 
FM-36 ASSEMBLED $164.50 

Micro-Z Co. 
Box 2426 Rolling Hills, Calif. 90274 

G E M - Q U A D FIBRE - GLASS 
ANTENNA FOR 10, 15, and 20 METERS. 

Two Elements 
Extra Elements 

$107.00 
$60.00 ea. 

Submit Payment with Order 
Shipped Freight collect. 

Price includes 
Canadian Federal Sales Tax 

or U.S. Customs Duty. 

KIT COMPLETE WITH 
• SPIDER 
• ARMS 
• WIRE 
• BALUN KIT 
• BOOM WHERE NEEDED 

SEE OUR FULL PAGE IN MAY ISSUE 

Buy two elements now — a third and fourth may 
be added later with little effort. 

En joy optimum forward gain on DX, with a 
maximum back to front ratio and excellent side 
discrimination. 

Get a maximum structural strength with low 
weight, using our "Tridetic" arms. 

MANITOBA DESIGN INSTITUTE 
AWARD WINNER 

Canadian Palonl No. 794506 
U.S. Patant No. 3532J15 

20 Burnett Avenue, Winnepeg 16, Manitoba, Canada 
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solid-state 
RTTY 

monitor scope 

This solid-state 

RTTY monitor scope 

was designed 

specifically as a 

companion to the 

ST-6 terminal unit 
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In the past amateurs who turned to 
R T T Y usually used a vacuum-tube type 
terminal unit such as the TTL/2 or the 
circuit designed by W2PAT. Now the 
trend is toward the high performance 
solid-state ST-5 or ST-6 designed by 
W6FFC.1 '1 When I decided to go solid 
state I decided to go all the way and 
include a monitor scope that was based 
on solid-state components. 

Although the oscilloscope circuit 
shown in fig. 1 is designed primarily for 
use with the ST-5 or ST-6 it can be used 
with any R T T Y terminal unit as long as 
the vertical and horizontal amplifiers are 
not over-driven. 

circuit 
The amplifier circuits are quite simple. 

In the vertical amplifier an emitter-
follower input stage (Q1) provides high 
input impedance. The C R T driver stage 
(03) is rated at 250 volts. Vertical gain is 
controlled by the 5000-ohm pot (R9) in 
the emitter circuit of the driver stage. 

The horizontal amplifier circuit is 
identical to the vertical lineup. Note in 
fig. 1 that even-numbered components 
are part of the horizontal amplifier chain; 
components in the vertical amplifier are 
designated by odd numbers. The gain of 
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fig. 1. Solid-state R T T Y monitor scope is designed for the ST-6 R T T Y terminal unit. 

the amplifier system is more than ade-
quate to fill the screen of a 3-inch CRT. 

The filters used in the Mainline ST-5 
and ST-6 terminal units result in a very 
poor oscilloscope display since there is 
voltage on the mark toroid when a space 
signal is present, and vice versa. When the 
ST-6 is used on 850 shift the scope 
display looks like two bananas; on 170 
shift the display looks like two fat 
footballs. 

For example, when tuned to mark 
there is still vertical deflection voltage 
which opens up the horizontal trace. The 
higher the vertical voltage, of course, the 
more oval the display. This problem is 
inherent in simple single-tuned channel 
filters and not at all bad as far as the 
terminal unit is concerned. To clean up 
the monitor scope traces W6FFC recom-
mended a high-Q tuned circuit at the 
input to the scope; this is shown in fig. 1. 

fig. 2. Printed-circuit board 
layout for the R T T Y monitor 
scope. 

,-GJEK' 

* • ''[/Tî T t -•QSK-fiSar^ -

CRT PI MS: Zp 7 3 6 
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Toroid L1 is tuned to 2125 Hz; L2 is 
tuned to 2975 Hz with S1 open. Close S1 
and pad the 0.022-/uF capacitor to tune 
L2 to 2295 Hz. These simple circuits are 
tuned so that maximum deflection of the 
scope trace coincides with maximum de-
flection of the ST-6 tuning meter. 

construction 
The RTTY monitor oscilloscope cir-

cuitry is built on two 3 x 6-inch printed-
circuit boards. Circuit-board layout is 
shown in fig. 2. If you look at the boards 
carefully you will see that I have drilled 
two holes through the amplifier board so 
the centering controls (R14 and FU5) on 
the power-supply board can be easily 
adjusted. 

If you want, these controls could be 
located on the front panel, although they 
seldom require attention after the circuit 
has been initially set up. I put the focus 
control (R21) and intensity control 
(R22) on the front panel of my unit. 

The power transformer I used for the 
12-volt supply is the same as that used in 
the ST-5 and ST-6. However, use a 
separate transformer for the monitor 
scope; don't try to make the terminal-
unit transformer do double duty. 

For potentiometers R15 and R16 I 
used Ohmite type RV6NAV that I 
obtained surplus. You can use the 
Mallory MTC254L1 instead, but be care-
ful because the whole potentiometer 
frame will be hot to the tune of 500 
volts. 

summary 

This monitor scope is a nice com-
panion to the Mainline ST-6 RTTY 
terminal unit. At my station I included it 
in the same cabinet as the ST-6. Per-
formance is excellent, and the scope 
traces are clean and easy to read. 

references 
1. Irvin M. Hoff. "The Mainline ST-5 RTTY 
Demodulator," ham radio, September, 1970, 
page 14. 

2. Irvin M. Hoff, "The Mainline ST-6 RTTY 
Demodulator," ham radio, January, 1971, page 
6. 
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faultless 
R T T Y 

The world's first fully automatic 
Phase-Locked Loop RTTY terminal unit. 

Now includes 
DIGITAL SIGNAL PROCESSOR 

(signal regenerator and parity check) 
• Copies shifts from 100 to 1000 Hz 

automatically 
• Auto-track for drifting signals 
• Enters "mark-hold" when signal fades 
• Input tone range switchable to operate 

with SSB transceiver audio 
• Autostart and selective call available 
NEW OPTIONS: 
Electronic Speed Converter - lets any 100 wpm 

machine print 60, 75 or other lower speed 
signals 

Electronic Selective Call - solid state "stunt box" 
ASCII and crypto options also available 

Write today for detailed specifications 
Also see us for tone burst encoders for 

reliable repeater access. 

W C I 
PO Box 17, Schaumburg, III. 60172 

. . IN THE DOG HOUSE?" 

M O V E I N 
WITH DESIGN INDUSTRIES 

WIFE-APPROVED 
COMMUNICATIONS DESK 

AND CONSOLES 

. . . would YOU believe . . . SOME hams are 
permitted into the house . . . perhaps even the 
living room when their station includes a 
Design Industries Communications Desk or Con-
sole? 

DESIGN INDUSTRIES, INC. 
P.O. Box 19406 Dept. H 
(214-528-0150 Dallas, Texas 75219 

Sidewalk Sale and Swapfest 
First Saturday of each month 

2929 North Haskell, Dallas, Texas 75204 
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resistor 
performance 

at high frequencies 

A comparison of 

the high-frequency 

response of solid 

carbon-composition 

and metal-film 

resistors 

Most amateurs are aware of what happens 
to a capacitor as the operating frequency 
is increased — it becomes series resonant 
at the frequency where its internal in-
ductance resonates- with its capacitance. 
However, many amateurs may not realize 
that carbon resistors, as well as metal-film 
types, show resistive and reactive changes 
as the frequency is varied from dc to vhf. 

Since resistors are the most common 
components used in electronic equipment 
it is helpful to know as much as possible 
about th is so-called passive element. You 
may find that those resistors are not 
nearly as "passive" as you may 
think—under the right circumstances 
they may even exhibit a rather capricious 
nature. 

In this article I will discuss the high-
frequency characteristics of resistors. I 
will not cover wirewound types because 
of their high inherent inductance, even 
"non-inductive" types. 

Before looking at high-frequency re-
sistor performance we should briefly re-
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view the construction of both composi-
tion and metal-film types and the general 
characteristics of each. The composition 
resistor consists of a mixture of resistive 
material and a dielectric binder that is 
molded into a cylindrical shape. Metal-
film resistors are composed of a resistive 
film deposited on, or inside, an insulating 
ceramic cylinder. 

These two resistor types differ from 
each other in size, resistance range, cost, 
power dissipation and general character-
istics. One type may be better than the 
other for particular purposes but neither 
type has all the best characteristics. 
Therefore, resistor choice depends upon 
the circuit requirements, the environment 
in which it must operate and many other 
factors. 

composition resistors 

Generally speaking, solid composition 
resistors have poorer stability since their 
resistance is a function of body tempera-
ture, circuit voltage, moisture content 
and previous history. 

The high-frequency characteristics of 
composition resistors are good, but not 
quite as good as film types. Composition 
resistors generate a noise voltage when 
current flows through them; this is in-
herent in the construction of the resistor 
and is much greater than in any other 
type. Therefore, composition types are 
not recommended for circuits handling 
low-level signals. 

The reliability of composition resistors 
is good since they seldom open up unless 
badly overloaded; however, they do 
change value by several percent with 
changing operating conditions. For ex-
ample, they should not be used in voltage 
dividers where accuracy and voltage 
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stability is required. Also, they shouldn't 
be used where a long-term permanent 
resistance change of ± 10 percent or more 
cannot be tolerated. 

In addition, composition resistors 
should be derated 50 percent* to increase 
life and stability in moderate tempera-
tures, and even more than this for opera-
tion in high ambient temperatures. 

film. However, exposure to moisture may 
seriously affect resistance if the element 
is not well protected by its casing. 

The metal-film resistor should also be 
protected to reduce the possibility of 
physical damage. The temperature coef-
ficient of resistance is extremely low 
(that is, the resistance change with change 
in operating temperature). 

fig. 2. Resistance of both 
metal- f i lm and carbon-
composition resistors de-
creases with frequency. 
Larger values are affected 
more than smaller values. 
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metal-film resistors 
Metal f i lm type resistors generate con-

siderably less noise voltage than composi-
tion types since the conducting paths are 
more homogeneous. Stability is high, 
environmental changes have little effect, 
and they have high reliability. Also, the 
combined effects of climate and opera-
tion will not change initial resistance by 
more than about 3 percent under normal 
operating extremes. 

The maximum full-power operating 
temperature of metal-film resistors may 
be allowed to reach 70 to 100 degrees C. 
Skin effects are negligible since the entire 
resistance path is made up of a surface 

fig. 1. Simple equivalent circuit of a 
resistor includes series inductance 
and shunt capacitance. 

high-frequency operation 
A resistor that can be assumed to 

exhibit only resistance at low frequencies 
develops inductance and shunt capaci-
tance as frequency is increased. See fig. 1 
for a simplified equivalent circuit of an 
ordinary resistor at high frequencies. In a 
well constructed composition or f i lm 
resistor the inductance is due solely to the 
connecting leads. 

Shunt capacitance is due to the capaci-
tance between end caps (or the lead 
terminations) and the shunt capacitances 
formed by the conducting particles which 
are held in contact by the dielectric 
binder. The solid composition resistor 
naturally has a greater number of such 
contacts than the fi lm type resistor. 

resistance/reactance measurements 
I have made a series of measurements 

on a set of good quality carbon composi-

*A '/4-watt resistor should be used to dissipate 
1A-watt maximum. 
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tion resistors and an equal number of 
quality metal-film types,* having values 
of 100, 1000, 10k and 100k ohms. 

A Boonton RX Meter, model 250A, 
was used for the measurements. This is a 
wide frequency range impedance meter 
that is designed to give an accurate 
reading of the equivalent parallel re-
sistance and parallel reactance of two-
terminal networks or components. Two 

within the specified tolerances (±5% for 
the composition types and ±2% for the 
metal-film resistors). 

Graphs of resistance and capacitance 
versus frequency for the four resistor 
values are shown in figs. 2 and 3. It can 
be seen that the resistance of the higher 
resistance units decreases at higher fre-
quencies, with the metal-film types ap-
pearing to be slightly better performers. 

fig. 3. Shunt capacitance of 
carbon-composition resistors 
changes much more with in-
creasing frequency than the 
shunt capacitance of metal-
film types. 
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calibrated dials, labeled R and C, are used 
to balance a bridge. 

The equivalent parallel resistance is 
then read from the R dial. The positive or 
negative resonating capacitance of the 
resistor (± pF) is indicated by the Cdial . 

high-frequency characteristics 

All resistor leads were clipped to the 
same length (3/8 inch) before making any 
measurements. The first measurement 
was for dc resistance — all resistors were 

HC- - r e -

ne-
fig. 4. Realistic equivalent circuit of a 
resistor at high frequencies actually 
looks like an RC network. 

This drop-off in resistance with fre-
quency was first discovered by Boella and 
is called the "Boella effect." Howe1 

suggested a transmission-line theory to 
describe this behavior, and this is generally 
considered correct. 

At high frequencies the resistor looks 
like a network of resistances and capaci-
tances according to Howe, so the resist-
ance reduction with increasing frequency 
is due mainly to the shunting effect of 
distributed capacitance in the resistor (see 
fig. 4). 

For the best high-frequency perform-
ance the controlling conditions are 
geometry (size and shape of the resistor) 
and minimum dielectric losses. It has 

*The composition resistors were Allen-Bradley 
type CB, % watt, 5% tolerance. The metal-f i lm 
resistors were Corning Glass type C4, Vt watt, 
2% tolerance. 
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been proven that the smaller the diameter 
of the resistor (minimum cross-sectional 
area), the better will be its high-frequency 
response, all other things being equal. 

The small-diameter resistor wilt have 
fewer contacts to contribute capacitance 
than a larger unit. Generally the terminals 
and lead terminations will also be smaller 
and therefore contribute less capacitance. 
The dielectric losses are kept low by a 

fig. 5. Total resistor im-
pedance decreases with fre-
quency. This is especially 
apparent with the larger 
values. Resistor impedance 
is a much more meaningful 
measurement than simple 
ac resistance. 

good choice of base material. If binders 
are used their total mass should be kept 
to a minimum. 

total impedance 
The total impedance of a resistor with 

shunt capacitance appears to be a more 
meaningful indicator of resistor perform-
ance at high frequencies than the basic ac 
resistance measurement.* A comparison 
of the curves in fig. 5 indicates that very 
little difference exists between the two 
types of resistors at high frequencies if 
the basis of comparison is total impe-
dance alone. 

*The total impedance of the resistor is 

Z = R P X P 

/ v w 
where Rp is the equivalent parallel resistance and 
Xp is the equivalent parallel reactance (see fig. 2). 
Xp may be calculated for each test frequency using 
the standard reactance formula, X = 1/2rrfC). The 
value of C is found in fig. 3. 

conclusions 
I f y o u consider o ther cr i ter ia , such as 

stability, environment, inherent noise, 
high reliability, susceptibility to physical 
damage or cost, then one type or the 
other should be used for that reason and 
the high-frequency response should not 
generally be a major consideration. 

If, however, high-frequency response is 
important, you should use the smallest 

5 10 a0 SO ao KB IX 33DSS0 

FREQUENCY (MHz) 

physical size possible consistent with 
good design practice, e. g., if a 1/8-watt 
resistor will do the job safely, use it 
rather than a 1/4-watt or larger value. 

The resistor leads and interconnecting 
wires should be as short as feasible and 
resistor placement should be chosen with 
care. Resistor capacitance to ground, for 
example, may greatly increase shunt 
capacitance and accentuate high-fre-
quency roll-off. 

references 
1 . G . W. O. Howe, Wireless Engineer, 12, 291 
(1935); 12, 413 (1935); 17, 471 (1940). 
2. Charles L. Wellard, "Resistance and Re-
sistors," McGraw-Hill, New York, 1960. 
3. Keith Henney, Craig Walsh, "Electronic 
Components Handbook," Chapter I I I , Tech-
nical Writing Service; McGraw-Hill, New York, 
1957. 
4. John F. Blackburn, "Components Hand-
book," Volume 17, MIT Radiation Laboratory 
Series, McGraw-Hill, New York, 1949. 
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modified 

inverted-V 
antenna 

This modified 

inverted-V antenna 

provides complete 

multiband operation 

from 40 through 10 
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Many amateurs I have worked have ex-
pressed interest in my rather uncon-
ventional multiband antenna. I call it a 
modified inverted-V because it began as 
an inverted-V for 40 meters. However, it 
has been modified considerably and now 
provides good performance on all bands 
from 40 through 10 meters. 

For those amateurs who are already 
using an inverted-V antenna, this design 
may give them some ideas for covering 
other bands. For the amateur with 
limited space this antenna offers good 
efficiency with minimum size. 

The multiband inverted-V antenna 
shown in fig. 1 offers many advantages, 
including small physical size, relatively 
low height, broadband response with low 
swr and requires no traps or tuning 
devices. In addition, it appears to be 
nearly omnidirectional. 

The vswr curves plotted in fig. 2 were 
measured with a Knight P2 swr bridge. As 
you can see, the antenna is cut for phone 

V 

3 < 
ja 
o 
CO 

FREQUENCY 

fig. 2. Swr performance of the W 2 K T W 
modified inverted-V. 

4 0 Q S O c t o b e r 1 9 7 1 



TOP VIEW 

HOT TO SCALE 

UPPER SPREAO£ft NOTE NATURAL TWIST 
FORMED, NOT CROSSED 

0' WIRE 
VERTICAL ALUMINUM TUBE 

fig. 1. Modified inverted-V antenna provides 
good operation on 40, 2 0 , 1 5 and 10 meters. 

portions of the amateur bands. Although 
my modified inverted-V has the dimen-
sions given in fig. 1, at other locations it 
wil l probably be necessary to t r im each of 
the sections to resonate at the desired 
frequency. 

On 20 meters, where the antenna 
appears as a more conventional in-
verted-V it was noted that decreasing the 
angle between the elements raised the 
resonant frequency. 

On 40 meters it was rioted that the 
horizontal part of the elements must be 

180° away from the higher-frequency 
elements. Also of importance is the fact 
that the vertical support provides more of 
a twist than a transposition. 

With this antenna I have obtained 
opt imum loading on all bands wi th my 
TR-4 transceiver. In the future I hope to 
devise a way of including a 75-meter 
antenna within the limited space I have 
available. 

ham radio 
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series-tuned 
pi networks 

An output 

tuning network 

that increases 

the upper 

frequency limit 

of many 

power-amplifier 

circuits 

One of the problems confronting the rf 
power amplifier designer in the upper hf 
and the lower vhf range from 20 to 150 
MHz has been the achievement of tank-
-circuit constants that provide normal 
operating Q and decent power transfer. 
For years the bandswitched pi-network 
has been the accepted tank circuit for 
most amateur multiband rf power ampli-
fiers. Unfortunately, this has precluded 
some otherwise excellent inexpensive rf 
power amplifier tubes from use above 15 
meters because the tube plate output 
capacitance, added to the minimum 
capacitance of the input tuning capacitor 
and other stray circuit capacitance, has 
made it impossible to achieve a reason-
able operating tank circuit Q. 
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When high-C, low-L tanks are tried 
with these tubes the results are generally 
unsatisfactory due to high circulating 
currents in the tank inductor which result 
in heating and loss of efficiency. 

Attempts have been made to overcome 
this deficiency by eliminating the pi-
network input tuning capacitor; to tune 
the tank the inductance is adjusted by a 
moveable slug or shorted turn. Usually 
this results in complicated or unwieldy 
mechanical assemblies that are limited to 
single-band amplifiers, and power losses 
are inherent in the slug or short-circuit 

1 2 
turn. ' For example, one of the prob-
lems that detracted from the use of 
parallel 813s in bandswitched pi-network 
amplifiers was that of obtaining reason-
able operating Q on 10, 15 and occasion-
ally, 20 meters. Reasonable Q was 
particularly unattainable on 10 meters 
due to the high plate output capacitance 
of two 813s in parallel (28 pF). There-
fore, use of two 813s on ten meters was 
virtually restricted to push-pull, plug-in 
coil, link-coupled amplifiers or to single-
band configurations. The single 2E26, or 
two 6146s, on two meters is normally 
restricted to compromise LC tank circuits 
which use link output coupling. Since the 

"IN 2500 
I 
1 

"t + /230 

C! 
izoe 

• *C2 
* -136 2 r so 

fig. 1. Basic pi network. Component 
values are discussed in text. 
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link has to be series tuned the transmitter 
ends up with as many tuning controls as a 
pi-network, but without its advantages. 

tank circuit design 

The operating Q of most plate tank 
circuits is chosen in the range of 10 to 20. 
In the pi-network the operating Q is a 
function of tube plate resistance and 
capacitance at the input to the network. 
Varying either of these parameters affects 
the component values of the pi-network. 

A careful review of the reference 
material will reveal that to maintain a 
fixed value of operating Q as plate voltage 
and current (and therefore plate resist-
ance) are changed, the values of C and L 
must be changed. For a given plate 
voltage/current ratio the Q will vary 
directly as the tank capacitance; ie, 
doubling tank capacitance doubles the Q. 

For a given value of Q the input tuning 
capacitor in a pi-network can be larger 
with a low plate voltage/current ratio 
than with a high plate voltage/current 
ratio. 

To achieve an operating Q of 12 in a 
pi-network with a plate voltage/current 
ratio of 5 {1500 volts at 300 m A or 2000 
volts at 400 mA), the reactance of the 
input tuning capacitor is expressed by 

A R R L Handbook.3 For this case the 
reactance of the output capacitor is 36.2 
ohms (157 pF at 28 MHz). The required 
inductance is 1.31 juH at 28 MHz (230 
ohms inductive reactance). 

type of 
capacitance 

bandswitched 
amplifier 

single-band 
amplifier 

c t u b e 28 pF 28 pF 

C neutral izing 6 pF 6 pF 

c s t r a y 20 pF 6 pF 

C j m i n i m u m 25 pF 15 pF 

Tota l C 79 pF 55 pF 

* c 72 ohms 103 ohms 

M i n i m u m 
realizable Q 
for 2500-ohm 
plate load 34.7 19.25 

fig. 3. Estimates of input tuning capaci-
tance for bandswitched and single-band 
rf power amplifiers. 

L +1 230 

"IN 2500 • C/ 

' -1208 
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fig. 2. Series-tuned pi network that is elec-
trically equivalent to the circuit in fig. 1. 

where R p is the tube plate resistance and 
is equal approximately to Ep/21p. For the 
case of the amplifier operating at 1500 
volts and 300 m A with a Q of 12 the 
input tuning capacitor should exhibit 208 
ohms capacitive reactance. This repre-
sents a 27.3-pF capacitor at 28 MHz. The 
other pi-network values may be deter-
mined from the formulas given in the 

The pi-network has the basic form 
shown in fig. 1 with the output load R|_ 
in parallel with the loading capacitor 
Xc2 - The reactance values are those given 
above. This basic circuit arrangement can 
be converted into the series-tuned con-
figuration in fig. 2 by finding the equiva-
lent series impedance of the two output 
components: 

R L X C 2 

R|_ + * C 2 

For the circuit constants in fig. 1, 
the equivalent series impedance 
17.1 - j23.7 ohms. 

At the resonant frequency the net-
work looks like a pure resistance at the 

is 
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input terminals R;n. Although this 
matches the piate resistance of a typical 
pair of 813s it is impossible to use this 
circuit on 10 meters because the tube 
output capacitance and stray circuit 
capacitance are greater than the minimum 
value of C1. This is the limiting factor in 
tank circuit Q at the highest frequency of 
operation. 

It becomes extremely important to 
arrive at a circuit configuration and 
operating voltage/current ratio that will 
allow acceptable Q on ten meters. 
Fig. 3 presents an estimate of total 
pi-network input circuit capacitance in 
two actual parallel 813 amplifiers. As can 
be deduced from the data, on 10 meters 
the tank circuit of the bandswitched 
amplifier will probably get hot enough to 
boil water. 

series pi-network 

Since capacitive reactance cancels a 
like amount of inductive reactance in a 
series combination of C and L, a method 
of varying L in a circuit is suggested. If 
the inductive reactance of L has a certain 
value, and a capacitive reactance of some 
smaller value is placed in series with it, 
the inductance of L will be effectively 
reduced. If the capacitive reactance is 
variable, then L can be varied just as 
effectively as if it were a roller inductor 

or tapped coil. 
If the input tuning capacitor of the 

pi-network (C1) is insulated from ground 
and placed in series with the inductor the 
minimum capacitance limitation is 
virtually eliminated, reducing the total 

"s 
SOpF ! 76fjH 

- j y f +12722 

fig. 6. Input impedance of circuit in fig. 
5 may be increased to 2500 ohms by 
changing component values as shown 
here. 

fixed capacitance to no more than 40 pF 
(see fig. 4). 

If the reactances to the right of the 
dotted line in fig. 4B are added together 
(since they are in series) the total series 

"IN 
1145 -jl40 

fig. 5. Electrical equivalent of the 
series-tuned circuit in fig. 5. 

CA -

-1140' 

"CB *L 
- f66 3 f,230 

fig. 4. Tuning capacitor may be placed in series 
with the inductor (A). Equivalent reactance 
values are shown in (8). This circuit is elec-
trically equivalent to circuit in fig. S. 

impedance is 17.1 +j140. Thus the cir-
cuit of fig. 4 may be simplified to the 
form shown in fig 5. This parallel 
resonant circuit is exactly the same result 
you would obtain if you reduced the 
standard pi-network to its most simple 
equivalent form. 

At resonance the input resistance to 
the parallel tuned circuit is 

R - X 2 
R m _ R i 

(140)2 

17.1 = 1145 ohms 

Tank circuit Q, from eq. 1, is 17.85. An 
impedance match can be obtained by 
increasing the value of the tank coil fig. 
4A) to 1.76 juH and decreasing the series 
tuning capacitor to 50 pF. The network is 
matched to the load by increasing C2 to 
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263 pF. The new component values and 
their reactances are shown in fig. 6. 

The equivalent series impedance of R[_ 
and C2 is 7.85-j18.2 ohms. Total react-
ance to the right of the dotted line is still 
+j140. However, Rgis now 7.85 ohms, so 
the input resistance, from eq. 2 is 

Rir 
(140)2 
7.85 =2500 ohms 

table 1. Maximum tube output capacitance and 
stray capacitance (Ca) that can be accommo-
dated by the series-pi-network for a Q of 20. 

Rp Xca Ca 
(ohms) (ohms) (pF) 

28 MHz 50 MHz 144 Ml 
1 0 0 0 5 0 114 6 4 22.1 
2 0 0 0 1 0 0 57 32 11.1 
2 5 0 0 1 2 5 45 .5 2 5 . 5 8 .85 
3 0 0 0 150 38 2 1 . 3 7 .4 
3 5 0 0 1 7 5 29 .2 1 8 . 4 6 .3 

t 
Wk yf acss 

Bandswitched parallel 813 rf power ampli-
fier using the series-tuned pi network. 

The operating Q is 17.85; this value is 
perfectly acceptable. 

In cases where there is enough tube 
output capacitance plus nominal stray 
capacitance to equate to the normal input 
tuning capacitor in a regular pi network 
the series-tuned configuration warrants 
prime consideration as an efficient tuning 
scheme. The series-tuned pi-network has 
the same number of components as a 
regular pi-network, and they all have 
reasonable, attainable values. 

There is actually better harmonic 
attenuation with the series-pi than with 
the regular pi for a given situation due to 
the lower shunt reactance to ground on 
the output side of the network. The 
network will match a broad range of load 
resistances for a given Q and plate 
resistance. 

If a Q of 20 is considered the top 
acceptable limit, the maximum fixed tube 
output plus nominal stray capacitance for 

a given plate resistance that can be 
accommodated with the series-pi network 
is given in table 1. 

bandswitching 
Most of the input capacitance in a 

normal tank circuit, other than tube 
output capacitance, is a result of long 
leads associated with bandswitch cir-
cuitry. The preceding network analysis 
was based on the absence of bandswitch 
circuitry at the input to the network 
thereby keeping stray capacitance to an 
absolute minimum. 

You can build a bandswitching ampli-
fier with the series-tuned pi-network if 
you place the switch on the output side 
of the network as shown in fig. 7. Since 
there are no particular restrictions on the 
input tuning capacitance on 40 and 80 
meters, a standard pi-network is used on 
those bands. The lead from the tube 
plates through the coupling capacitor to 
the switch adds only a few pF to the 
stray capacitance and can be virtually 
ignored. 

Additional inductors are switched into 
the circuit for 15 and 20 meters. The 
photograph shows the installation of the 
10/15-meter inductor. A section of the 
20-meter coil can be seen in the lower 
right-hand corner of the photo. 

alternate series-pi 
For even greater reductions in stray 

capacitance the series tuning capacitor is 
placed between the inductor and the load 
as shown in fig. 8. With this arrangement 
the stray capacitance is on the output 
side of the network where it becomes a 
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very small fraction of the total shunt 
capacitance to ground. 

To verify the alternate approach, a 
two-meter 2E26 transmitter was altered 
to the series-tuned pi-network con-

circuit was slightly off resonance. The 
final results with the series-tuned tank 
were well worth the 30 minutes it took to 
move the coil and re-solder a few con-
nections. 

L l 6 turns V4" copper tubing, 2 turns per 
inch, 3 " O D ; 10-meter tap 2 turns from 
output end 

fig. 7. Using the series-tuned pi network in a 
multiband band-switched power amplifier. 

m 
L 2 

L 3 

6 turns V4" copper tubing, 2 turns per 
inch, 3 " O. D. 

1 2 — 1 5 fXH roller inductor, 500- to 
1000-watt rating 

figuration in fig. 8. The plate output 
capacitance of a single 2E26 is 7 pF, 
exactly the magnitude of tank capaci-
tance required for a Q of 12 with a plate 
voltage of 300 and plate current of 75 
mA. 

The original two-meter tank circuit 
was a push-pull arrangement with a 
series-tuned link-coupled output. Fig. 9A 
shows the original circuit; the photograph 
shows the original circuit in operation 
with a vtvm indicating relative rf voltage 
across a 50-ohm dummy load. 

The same circuit components were 
reconnected into the arrangement of fig. 
8. Fig. 9B illustrates the improvement in 
efficiency as demonstrated by the relative 
output rf voltage reading. Every attempt 
was made to keep all test conditions with 
the exception of the tank circuit the same 
for both measurements. 

In addition to the improved efficiency 
of the series-tuned tank circuit there were 
other advantages. Tuning was much 
smoother than the original, and there were 
no rf feedback problems when the tank 
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design procedure 
The following step-by-step procedure 

will help you design a series-tuned pi 
network for your own particular require-
ments. Steps 1 through 4 will indicate 
whether the series pi is a practical solu-
tion to your design problem. 

1. Determine tube operating condi-
tions to achieve the lowest possible 
tube plate resistance consistent with 
power input requirements 

RP = !P 
2 l p 

fig. 8. Effects of stray capacitance may be 
further reduced by placing the series tuning 
capacitor between the inductor and load. 



Q 

fig. 9. Original two-meter power-amplifier circuit is 
provides increased rf output. 

o 
shown in (A). Series-tuned pi network in (B) 

2. Determine total fixed input ca-
pacitance to the network by adding 
tube output capacitance to approxi-
mately 15 pF stray capacitance 

Cin 

3. Convert 
reactance 

Ctube + ^stray 

Cjn to its equivalent 

4. Compute Q 

Q 

5wTC7 in 

R, 
kc in 

If Q is not less than 20, re-examine 
plate resistance R p and attempt to 
find a new set of operating conditions 
to arrive at a lower value. 

5. X c is equal to Xi_'( that part of X|_ 
remaining after the reactance of both 
the series tuning capacitor (XCb) and 
equivalent series loading capacitor 
(Xcs) a r e subtracted from the total 
inductive reactance 

X r X ' l 

6. Compute the required series output 
load resistance Rs 

Rs = ( X
r

L ) 2 
s Rp 

7. Knowing Rs, the corresponding Xc s 

portion of the series equivalent load 
impedance can be selected from fig. 
10. This graph is calculated for only a 
50-ohm antenna at 28 MHz. 

8. Select a reasonable value for the 
series tuning capacitor Cg and calcu-
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loading capacitor which results in the 
equivalent series impedance found in 
step 7. 

5 10 IS 3D 25 

EQUIVALENT SERIES IMPEDANCE (OHMS) 

fig. 10. Graph for converting pi network 
parallel impedance to equivalent series 
impedance. (Capacitor C2 in parallel 
wi th 50-ohm load at 28 M H z . ) 

late its reactance using the formula in 
step 3. 

A value of around 100 ohms for Xqb 
is suggested since this results in about 
57 pF at 28 MHz for CB . This is a 
reasonable midrange value for a tuning 
capacitor that will cover 10 through 
20 meters. 

9. Determine X[_ by adding the abso-
lute values of X|_', Xqb a n d XCS 
(ignore the plus/minus j factors). 

X|_ = X|_' + Xqb + Xcs 

10. Calculate the value of the tank 
inductor from the reactance value 
determined in step 9 

L ~ 2nf 

11. Determine the value of the output 

X C 2 = 2 + X , 2 

XS 

The capacitance value of C2 is calculated 
with the reactance formula given in step 
3. 

This completes the design of the series-
tuned pi-network. Double check all calcu-
lations. 

summary 
The results of using series-tuned pi-

networks has been very gratifying. Tuning 
and loading with the series circuit is no 
different than with a standard pi-net-
work. Dial settings for tuning capaci-
tance, inductance and loading capacitance 
for a resistive 50-ohm load are right on 
the calculated optimum values. 

The series-tuned pi-network should 
permit the use of inexpensive power 
tubes in bandswitched linear cathode-
driven grounded-grid amplifiers. The 
problem of plotting a set of design curves 
for the series tuned pi-network (similar to 
the pi-network charts in the ARRL Ama-
teur's Handbook) will be left to an 
industrious engineering student with ac-
cess to a digital computer. 
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Discussions of reflected waves on radio-
frequency transmission lines sometimes 
present the concept that energy in these 
waves is absorbed by the transmitter; this 
would adversely affect the operation of 
the output tuned circuit, or the output 
tube, or both, by generating heat therein. 
Of course, if this concept were correct, 
the result would be the transfer of less rf 
energy from the transmitter to the load at 
the far end of the line, usually an 
antenna. The loss of energy in such case 
would depend on the magnitude of the 
reflected wave in relation to that of the 
forward or incident wave (the swr) and 
on the proportion of energy in the 
reflected wave that is absorbed by the 
transm itter. 

As to the proportion of the energy in 
the reflected wave that is absorbed by the 
transmitter, opinion varies. Some say that 
this proportion may range as widely as 
that of the forward wave at the load end, 
all the way from zero to 100%, depending 
on the degree of match between the 
impedance of the output tuned circuit 
and the input inpedance of the line. 

If this match is good, the absorption 
would be large according to this concept, 
and nearly all of the energy of the 
reflected wave would be absorbed. This 
seems to be a strange situation because 
the adjustment of the transmitter output 
circuit is to make the match to the line as 
good as possible for best forward transfer, 
whereby most of the energy in the 
reflected wave would then be absorbed 
and wasted! (It should be remembered of 
course that adjustments at the transmitter 
have no effect on the swr near the load; 
this is determined solely by the degree of 
match between the line and the load.) 
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absorption concept 
It may be useful to examine this 

concept of energy absorption at the 
transmitter to see whether it stands up 
under such examination, and to see if 
there is an acceptable alternative to it. 
(Hereafter I wi l l refer to this as the 
absorption concept.) To do this, it wil l be 
necessary to consider specific trans-
mission lines and impedance-matching 

TRANSMITTER 
OUT 

OPEN-WIRE LINE 
TRANSMITTER 

OUT 21 Zo- 400/1 TRANSMITTER 
OUT 

fig. 1. Feeding a half-wave antenna with open-
wire transmission line results in a high stand-
ing-wave ratio. However, efficiency of this 
system is very good. 

devices such as tuned circuits or their 
equivalents. 

A t first we wil l consider these as 
idealized circuit elements with no 
inherent losses, and later consider actual 
circuit elements with their small but 
unavoidable losses, to see what effect if 
any these losses may have on our con-
clusions. This wil l make it much easier to 
discuss the main issue: The possibly much 
larger losses that may result from high 
swr if the absorption concept is correct. 

First, let us see whether the absorption 
concept leads to results that are found in 
practice. Consider fig. 1. There we have a 
transmitter with a power output of 1 kW 
with a tuned output circuit capable of 
being tuned to resonance and of pro-
viding a good impedance match between 
the plate resistance of the tube and the 
input impedance Zt of the parallel-
conductor open transmission line. This 
line, which is specified to have a 
characteristic impedance ZQ of 400 ohms, 
feeds the end of a half-wave antenna so 
there are standing waves on the line 
because of a large mis-match between the 
line and the antenna feed point. 

The swr could be very high, well above 
10, but we wil l assume that it has the 

reasonable value of 9. Because of these 
standing waves the line input impedance 
Zj, as seen by the transmitter, may depart 
considerably from the nominal value of 
400 ohms, depending on the electrical 
length of the line; i t may be larger or 
smaller and it may exhibit reactance as 
well as resistance. Whatever this line input 
impedance may be we wil l specify quite 
reasonably that the transmitter output 
circuit provides a good match for it. 
Thus, according to the absorption con-
cept the transmitter absorbs nearly all the 
energy in the reflected wave. This, cal-
culated as usual, turns out to be repre-
sented by a power of 640 watts! 

Many amateurs, including mysetf, have 
successfully operated amateur trans-
mitters using similar feed lines which 
were, in all essential respects, equivalent 
to the arrangement shown in fig. 1 
without the slightest evidence that any-
thing approaching 64% of the energy 
going into the transmission line was being 
returned to the transmitter, appearing as 
heat in the tuned circuit or tube or both. 
If even a fraction of that energy was 
coming back into the transmitter it would 
have been immediately evident to a 
knowledgeable amateur that something 
was very wrong. 

Some amateurs have experienced over-
heating in amplifier tuned circuits or 
tubes; this can easily happen if the tuned 
circuits are not properly designed or 
built, and particularly if the coupling 
between the tuned circuit and the line is 
not sufficient to bring the loaded Q of 
the circuit down to the proper value, 
usually about 12. With insufficient 
coupling the circulating current in the 
tank circuit can rise to a high value and 
may damage the inductor or other parts. 
However, as such, this is not the fault of 
the high swr. 

If the absorption concept were correct 
these parallel-conductor open lines with 
their high swr would give incessant 
trouble. In fact, these same open trans-
mission lines are very efficient in spite of 
their high swr. Thus, the absorption 
concept is not confirmed by qualified 
experience. 
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power factor 
Now consider fig. 2. This arrangement 

uses the same transmitter on the same 
frequency but with output circuits 
adjusted or modified to match a short 
50-ohm coaxial cable which is connected 
to the input of an impedance-matching 
device. This device accurately matches 
the 50-ohm cable to whatever may be the 
input impedance Z2 of the same open-
wire transmission line as used before with 
the same swr of 9. (Z2 may not equal Z1 
because the transmission line is not 
necessarily the same electrical length.) 

The transmitter cannot now absorb 
any energy that may exist in the reflected 
wave in the open transmission line for 
there is no reflected wave in the 50-ohm 
cable connected to the transmitter since 
the 50-ohm line is perfectly matched at 
both ends. 

Where does any such energy, if it 
exists, appear? It cannot disappear. Are 
we to believe that it must appear as heat 
in the impedance-matching device? That 
would be doing the designers and con-
structors of such devices a grave injustice 
because it is readily feasible to design and 
build such devices having a very much 
smaller loss than seems to be implied in 
our example. 

The small residual loss in matching 
between lines can be reduced nearly to 
zero by using a suitable tuning stub or in 
some cases a quarter-wave linear trans-
former, in place of a network with 
lumped constants. We cannot reasonably 
believe that any considerable proportion 
of the calculated power in the reflected 
wave on the open-wire line is resulting in 
the dissipation of heat in our matching 
device. Then where is it? 

The simple answer is that it never 
existed, and therefore, there is no prob-
lem of power loss or dissipation of heat 
to be solved. The only real power in the 
transmission line (barring the previously 
mentioned small inherent losses} is that 
which results in the dissipation of energy 
in the load. That is equal to the differ-
ence between the indicated values for 
forward and reflected power. 

It is usually understood that the 
forward wave and the corresponding 
reflected wave are each made up of two 
associated waves, one of current and the 
other of voltage. The usual discussion 
proceeds to show how the forward 
voltage wave adds to and subtracts from 
the reflected voltage wave, taking phase 
as well as magnitude into account, to 
form a voltage standing wave. 

KVi 
TRANSMITTER COAX MATCHING 

1 kW OUT DEVICE 

fig. 2 Antenna matching device provides good 
match to transmitter although there is still a 
high swr on the line to the antenna. 

Similarly, it is shown how the forward 
and reflected current wave interact in the 
same fashion to form a current standing 
wave. What is not always made clear is 
that the two resultant standing waves 
(one of voltage and the other of current) 
have a phase difference of 90°. The 
importance of this fact becomes clear 
when it is recalled that in an ac circuit 
power is equal to voltage times current 
times the power factor: 

P = EI x power factor 

Power factor is the cosine of the phase 
angle and the cosine of 90° is zero. 
Therefore, the power in standing waves 
along a transmission line is zero. 

In the case of a lossless line (either 
shorted or open at the load end or ending 
in a pure reactance) reflection is com-
plete. The two standing waves constitute 
the entirety of electric waves on the line. 
That is, the only current in the line is that 
in the standing wave of current and the 
only voltage on the line is that of the 
standing wave of voltage. As a result of 
the phase angle of 90° between the two 
powers in the line of zero. 

The usual directional rf wattmeters do 
not take power factor into account; in 
the case of our lossless line with complete 
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reflection, the rf wattmeter will indicate 
equal forward and reflected "power," 
their difference being zero. An analogous 
situation exists if we connect an ideal 
(lossless) capacitor to an ac source. An ac 
voltmeter across the capacitor will 
indicate volts and an ac ammeter in series 
will indicate amperes, but there is no 
energy dissipation in the capacitor, and 
therefore, no power in the connections to 
it. The phase angle between the voltage 
and current waves in a capacitor is 90° so 
the power factor is zero. 

Next consider a lossless transmission 
line terminated in a load that is purely 
resistive and equal to the characteristic 
impedance of the line. Under these condi-
tions there is no reflection, no standing 
waves, and all the energy into the line 
appears as energy into the load. The 
power factor for the line in this case is 
1.0. That is, the current and voltage 
waves coming from the transmitter to the 
load are in phase. 

Another termination for our lossless 
line is one having a resistance differing 
from the characteristic impedance of the 
line or having some resistance and some 
reactance, such cases there will be some 
reflection but some energy will be 
dissipated in the load. The analysis of this 
situation is somewhat more complex but 
will be facilitated by considering that a 
part of the total line current is assignable 
to the standing wave of current and that a 
part of the voltage on the line is likewise 
assignable to the standing wave of 
voltage. These portions of the total line 
current and voltage are 90° out of phase 
as in the previously described cases and 
therefore do not represent power. The 
remaining current and voltage are in 
phase and represent real power which 
results in dissipation of energy in the 
load. Thus, the only power in the line is 
that which flows from the tranmitter 
toward the load. 

The line as a whole will have a power 
factor at the input end of just the value 
needed to satisfy the relation 

power factor = cos d 

where the angle 0 is the phase angle 

between the total line current and total 
line voltage measured at that point. This 
same statement holds even if the line has 
some losses. The only power in the 
transmission line at its input end is that 
power which accounts for line losses as 
well as for energy dissipated in the load. 

conclusion 

The concept of reflected "power" is a 
useful fiction to help us visualize the 
formation and nature of standing waves, 
but it can get us into trouble if taken too 
literally. If you insist on considering the 
reflected wave as real power then you 
must adopt another fiction, namely that 
when it gets back to the transmitter it is 
completely re-reflected toward the load. 
(The alternative is the absorption concept 
which I hope by now has been given a 
decent burial.) Complete re-reflection of 
power at the input end is impossible to 
accept since the necessary conditions of 
impedance mismatch are not present. 
This is perhaps an example of one 
untruth, or even two, never being 
enough! 

Although open transmission lines were 
used in the previous discussion, exactly 
the same arguments apply to systems 
using coaxial lines and result in exactly 
the same conclusion: Power in a trans-
mission line flows in one direction, from 
transmitter toward the load. 

references 
1. F . E . Terman, "Radio Engineering," 
McGraw-Hill, New York, 1947, chapter 4. 
2. Woodrow Smith, "Antenna Manual," Editors 
and Engineers, Santa Barbara, 1948, chapter 2. 
3. Byron Goodman, W1DX, "Losses in Feed 
Lines," QST, December, 1965. 
4. R. C. Hills, "Some Reflections on Standing 
Waves," RSGB Bulletin, January, 1964. 
5. P. M. Chamberlain, "Swr and Tank Coil 
Heating," CQ, August, 1966. 
6. Carl Drumeller, W5JJ, "Effect of Mis-
matched Transmitter Loads," ham radio, 
September, 1969. 
7. "Antenna Handbook," A. R. R. L., fMewing-
ton, Connecticut, 1970, chapter 3. 
8. "Antennas and Radio Propagation," Army 
Training Manual TM 11-666, 1953. 
9. "Fundamentals of Electronics," NAVPERS 
93400A-3, 1965, volume 3. 

ham radio 

52 G5 October 1971 



swr bridge 

An in-line 

directional bridge 

for monitoring 

standing wave ratio 

Although there are many swr indicator 
circuits and construction techniques, 
most are unnecessarily complicated. The 
one described here is simple and easy to 
make, requiring no special hardware. In 
addition it provides, on one meter, simul-
taneous indications of both forward and 
reflected voltage, leaving both hands free 
to adjust transmitter controls. 

operation 

The indicator (fig. 1) is somewhat 
more intricate than most, but its advan-
tages outweigh its complications.* Its 
operation is based on the use of a 
zerocenter dc microammeter. The diodes 
are connected to give opposing polarities, 
unlike most circuits, so that FWD gives an 
indication to one side of the meter; REF 
to the other. When the switch is in FWD 
or REF position, operation is the same as 
with other bridges. In the center position, 
the voltages are combined in a resistive 
divider, and the meter gives an indication 
of the relative predominance of either 
forward or reflected voltage. Be sure to 
connect the switch so that forward 
voltage will be read in the same direction 
as the switch when it is turned to FWD. 

construction 

The pickup line is the result of a 
search for an easy-to-make, effective, and 
small unit. It has been described before.2 

It uses the inner conductor of a piece of 
RG 58/U or RG 11/U. 

The pickup line is constructed as 
shown in fig. 2. Tin the edges of the hole 
in the braid to prevent shorting to resistor 
RT, then slip the inner part of the coax 
inside the braid. Solder the ends of the 
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fig. 1. Schematic of bridge and indicator. 
Resistor R-j. is equal to the value in ohms of the 
load impedance (see text). 

*This design is similar to the "Monimatch" 
directional coupler,1 which uses a capacitance-
resistance bridge. The value of the terminating 
resistor, Ry, is critical and must be determined 
experimentally to obtain good bridge balance 
(null). The adjustment procedure and method 
of determining R j in reference 1 should be 
fol lowed before attempting to operate the 
instrument. Editor. 
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braid to pieces of stiff wire, which go to 
the connectors for the transmitter and 
transmission line. Next the diodes and 
resistor R j are soldered to the ends and 
center, respectively, of the pickup inner 
conductor. 

The pickup line and diodes were built 
in a shielded box, which connects in the 
transmission line between transmitter and 
antenna, or between transmitter and 
antenna tuner. The diodes I used were 

H 

fig. 2. Construction of pickup line. Inner 
part of coax cable should be insulated where 
it protrudes through hole in braid; check 
with oh trimeter to make sure wire and braid 
are not short circuited. 

Hoffman type 1N261, but the general-
purpose 1N34A will do. A shielded two-
conductor line was run to the indicator 
unit, which was built in an unshielded 
bakelite minibox. This box did not seem 
to pick up any stray rf. The shielded line 
need not be rf-type cable, since it carries 
only dc. The entire unit could be built in 
one box to eliminate a separate box and 
cable. 

An ordinary 0-50 dc microammeter 
was tried and worked in the combined 
circuit without the switch. This would 
eliminate both the switch and a zero-
center meter. 

The bridge seems to have adequate 
sensitivity. Construction is straight-
forward and uncomplicated. Best of all, 
using it is as simple as tuning for maxi-
mum on the meter. 
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circuits and 
techniques 

6d noil, W3FQJ 

IC is supplied to a small solid-state audio 
module with an output rating of 1 watt; 
loudspeaker is a 4-inch pm unit. More 
than adequate volume level is obtained 
when using a good antenna system. 

At this point in my experiments the 
unit has been used on the a-m broadcast 
band, the 160-, 80- and 40-meter amateur 
bands and the 31- and 49-meter short-
wave broadcast bands. Vco tuning capa-
citor values and quadrature capacitor 
values are given in fig. 1. 

Two variables, a 140 pF and a 20 pF, 
are mounted on the breadboard. The 
smaller capacitor is used for bandspread 
tuning. Two binding posts are included 
for convenience in changing the fixed-
value capacitor associated with vco 
tuning. For operation on the broadcast 
band and 160 meters a 365- or 400-pF 
variable is appropriate. When using the 
values shown complete broadcast band 

experiments with 
phase-locked loops 

Do you like to experiment? To im-
provise? You can start now with these 
little magic boxes, phase-locked-loop 
integrated circuits. I covered the funda-
mentals in last month's column; now you 
can get involved with some practical 
circuits. 

no tuned circuit 

Can you conceive of a tunable receiver 
without a single resonant circuit. Take a 
look at fig. 1. All of the signals are fed 
into the magic box in one lump. The 
signal that is demodulated is the one with 
its carrier phase-locked to the voltage-
controlled oscillator of the integrated 
circuit. You pick the station you wish to 
receive by changing the frequency of the 
oscillator. Even this oscillator does not 
have a resonant circuit because its fre-
quency is determined by resistor-capaci-
tor time constants. 

The oscillator is stable if adequate 
carrier signal is applied to the phase-
comparator, fig. 2. The output of the vco 

frequency 
B C band 

160 meters 
80 meters 
40 meters 

C1 
pF 
150 

100 
50 
50 

C2 
pF 
150 

100 
50 
50 

C10 
P F 
200 
300 
150 
none 
none 

fig. 1. Integrated-circuit phase-locked-loop re-
ceiver uses no resonant circuits. 
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operation is obtained by using several 
fixed capacitors, inserting them across the 
two binding posts when shifting among 
segments of the band. 

A good antenna is important. A 
160-meter dipole is excellent for 160 
meters and the broadcast band; it also 
does well on 40 and 80 meters. However, 
dipoles cut for 40 and 80 meters do 
better on these bands as well as the 
shortwave broadcast bands. 

If there is an overpowering local 
broadcast station that bulls its way 
through you may have to experiment 
with antenna lengths or install a resonant 
trap ahead of the antenna input. 

more signal and selectivity 
A simple resonant transformer at the 

input improves selectivity and blocks out 
any overpowering local, fig. 3. The low-
impedance primary link matches a low-
impedance antenna system. The sec-
ondary is resonant and is connected to 
the ic input by a low-value capacitor, C7. 
T h i s capac i tor prevents the low-
impedance ic input from loading down 
the resonant circuit, insuring greater 
selectivity. A double-tuned input trans-
former would offer even greater selec-
tivity. 

When using a short random-length 
antenna a simple tuner such as the simple 
T-network in fig. 4 will deliver more 
signal. It is inserted between the receiver 
input and the antenna system. 

More sensitivity. An amplifier ahead of 
the receiver (fet, bipolar or ic) will 
increase the sensitivity. However, the 
signal delivered to the P L L should not 

AM RF INPUT 
O 

SYNCHRONOUS 
DETECTOR 

COMPARATOR 

PHASE VCO 
SHIFTER 

VCO 

exceed 0.5 volts rms. Next month I will 
discuss my experiences with an amplifier. 

Preset frequency operation. The P L L 
system lends itself to preset operation for 
particular stations on the broadcast band, 
WWV reception, net frequencies, etc. You 
need only use a switching arrangment and 
preadjusted trimmer capacitors as shown 
in fig. 5. You can then very quickly 
switch off the tunable position to one or 
more preset receive positions. 

Idiosynchrosies. Everything is not ideal. 
Sufficient signal must be delivered to the 
input. Under weak signal conditions there 
is a swishing sound which results from the 
difference frequency between carrier and 
vco when there is an unstable lock. 

There is also a hand-capacitance effect. 
This results from non-grounded capacitive 
tuning of the vco. Use a vernier dial and 
insulated shaft on the fine-tuning vari-
able. The phase-locked loop ic also lends 

O TO PIN 4 

NF56/B (C 

DEMODULATED 
AUDIO 

O 

fig. 2, Basic phase-lock am demodulation 
scheme. 

fig. 3. Resonant input circuit for im-
proved selectivity. 

itself to frequency change by voltage 
change, especially for fine-tuning. This 
may eliminate hand-capacitance effects. 
Suitable circuits will be discussed next 
month. 

A t higher frequencies input resonant 
circuits and tuning influence the vco 
frequency. It appears that the ideal 
arrangment would have an untuned 
amplifier just ahead of the ic input. 
Perhaps a better plan would be to use an 
isolating no-gain stage at this position and 
precede it with a tunable gain amplifier. 

The P L L device in figs. 1 and 3, is 
suitable only for a-m demodulation, not 
cw or sideband. However, it can be used 
as a practical fm detector. A simple 
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switching arrangement would permit 
selection of either a-m or fm, making it 
ideal for 6- and 2-meter operation. 

theory of operation 
Important considerations in setting up 

the external circuit for the PLL synchro-
nous a-m detector are the selection of the 
vco tuning capacitance and choosing 
appropriate values for the two RC com-
binations that establish the proper 90° 
phase relationship between the incoming 
carrier and the vco. 

A very simple formula permits you to 
select a suitable value for the vco tuning 
capacitor: 

vco capacitor (pF) = 300/frequency in 
MHz 

Values should be calculated for minimum 
and maximum frequency you want to 
cover. For example, if the receiver is to 
tune between 1 and 2 MHz, the minimum 
and maximum capacitance values would 
be 150 pF (for 2 MHz) and 300 pF (for 1 
MHz). A 125-pF fixed capacitor and 

fig. 4. T-network antenna tuner for 
random-length antennas. 

200-pF variable would provide band 
coverage plus a little bit of overlap at 
each end. 

A net 90° phase shift is obtained by 
connecting two RC combinations in 
cascade. Each contributes a 45° shift. The 
phase shift of 45° is obtained at the 
frequency where the resistance and 
reactance are equal. 

In the actual calculation the fre-
quency, f, is selected as the median 
frequency between the two desired fre-
quency extremes. In our example this 

VARIABLE 

PRESET 

fig. 5. Presetting the phase-lock IC to 
specific frequencies. 

frequency would be 1.414 MHz or: 

f 0 = f H f L = X 1 - 1.414 

Where f h and f|_ are the high and low 
frequencies respectively. 

If a resistor value of 2000 ohms is 
selected, the value of the associated 
capacitor must be: 

C = 1 
2nf0 

56 pF 

RC = 1 
2irf 

Vco locking takes place over a con-
siderable angular range; specifications are 
90° ±30°. Therefore, it stays in lock 
between the high- and low-frequency 
tuning limits provided these limits are not 
spread too far from the median fre-
quency. This means that the phase-shift 
of each RC combination should not be 
greater than ±15°. At these extremes the 
phase angle values would be 60° (45 + 
15) and 30° (45 - 15). From a natural 
function table it can be seen that the 
tangents of 30° and 60° are 0.577 and 
1.732 respectively. In practical applica-
tions this means that the reactance of the 
capacitor at the highest frequency should 
not be less than 0.577 R, and the reactance 
at the lowest frequency should not be 
higher than 1.732R. 

In our example, then, reactance at 2 
MHz should not be less than 1154 ohms 
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(0.577 x 2000). A t 1 MHz the reactance 
should not exceed 3465 ohms 
(1.732 x 2000). Calculations for 1 and 2 
MHz show that 56 pF exhibits 2843 
ohms reactance at 1 MHz and 1422 ohms 

The Attwood technique can be used 
with conventional amplitude-modulated 
rf signals but is especially adaptable to 
suppressed carrier and sideband modula-
tion modes. Experimental work was done 

fig. 6. Basic arrangement for the Attwood high-efficiency switching modulator. 

at 2 MHz. These values are well within 
the angular locking requirements. 

switching and linear amplification 
A linear amplification system with 

efficiency as high as 90% has been 
developed by Brian Attwood of Mullard 
of England. This is indeed a startling 
figure when you consider the diff iculty in 
obtaining 50% efficiency with conven-
tional class-AB linear amplifiers. 

with solid-state devices but the idea is just 
as appropriate for vacuum-tube applica-
tions and perhaps even more so for 
hybrid combinations of semiconductors 
and vacuum tubes. 

In the Attwood process the modulated 
signal is initially formed at low power 
levels in a conventional manner. The 
block diagram in fig. 6 shows the func-
tional plan for a sideband transmitter. It 
includes the usual carrier generator and 

The phase-locked loop IC at the bottom center replaces the entire i-f/discriminator section outlined 
in black on the receiver chassis to the right. The unit at the left was built in the Signetics applications 
lab to demonstrate the reduction in size when a PLL is used in an fm tuner. 
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follow-up sideband modulator and mixer; 
the modulated signal at the transmit 
frequency is applied to a pulse-width 
modulator. 

Two switching stages perform an addi-
tional modulation function. First there is 
a switching frequency generator which 
operates at a frequency a number of 
times higher than the transmit frequency. 
For good results this generator should be 
five times carrier frequency or higher 
although the system will function with 
the switching frequency only twice the 
carrier frequency. The switched modula-
tion system produces an output that has 
the duration of its pulses varying with the 
modulating information. 

PULSE 
DURATION 

REPRESENTATION 

fig. 7. Example of pulse-width modulation. 

A simplified drawing of a pulse-width 
modulation process is shown in fig. 7. As 
the modulated rf wave varies with modu-
lation the pulse-width modulator 
generates a train of high-frequency pulses, 
with pulse width varying with modula-
tion. 

As an example, consider the single-
tone modulation of a lower-sideband 
transmitter with a carrier frequency at 
3.9 MHz. Under this condition a single rf 
wave with a frequency of 3.899 MHz (3.9 
MHz minus 1000 Hz) is generated. As the 
3.899 MHz rf wave goes through its cycle 
the pulse-width modulator produces a 
series of pulses. When the rf wave is on its 
positive crest the width of the output 
pulse is greater than the pulse that repre-
sents its negative trough. In fact, the 
width of the pulse varies in accordance 
with the instantaneous amplitude of the 

rf wave on each side of its zero axis. Of 
course, if there were voice modulation 
there would be complex pulse duration 
changes which would follow the ampli-
tude gyrations of speech. 

Note that pulse output has constant 
amplitude. All the desired information is 
in the form of pulse duration changes. 
The succeeding amplifier can then be 
made to operate at high efficiency 
because it can be designed to function as 
a high-powered pulse amplifier; pulse 
levels can swing between cut-off and 
saturation limits. The switched nature of 
the information conserves average power 
and results in greater power-handling 
capability and efficiency. 

In an amateur transmitter it is con-
ceivable that all stages prior to the final 
are solid-state; the final would be a 
high-powered vacuum-tube amplifier. 
This stage might use high-power television 
sweep tubes which are designed primarily 
for pulse and nonsinusoidal power ampli-
fication. 

More power output could be obtained 
than is now possible using the same tube 
types as class-AB linears (common 
practice in many ham transmitters). The 
technique might lend itself to the design 
of mobile equipment with high output 
light-weight and minimum power 
demand. 

After the pulses are amplified they are 
not transmitted; the signal is converted 
back to the form it had before it was 
introduced to the pulse-width modulator. 
This can be done with a suitable resonant 
system since resonant circuits have ener-
gy-storing ability and function as effec-
tive integrators. Thus, the pulse informa-
tion is stretched out and converted to 
sinusoidal form. 

The output circuit, of course, must be 
designed to remove and attenuate any 
switching frequency components which 
are on a higher frequency than the 
transmit frequency. It is conceivable that 
a suitable multisection pi-network output 
system would do a satisfactory job. Per-
haps an m-derived addition may be neces-
sary to thoroughly notch out the switch-
ing frequency. 
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Because of the requirement for the 
high switching frequency this modulation 
mode is currently most suitable for low-
frequency operation. However, vhf pos-
sibilities exist when you consider that 
low-cost ics are now available with 
switching rates up to 500 MHz or so. 

version I used one of the commonly 
available 1-watt output audio modules. A 
t rans i s to r audio-output transformer 
connected in reverse (low impedance to 
high impedance) permitted the necessary 
voltage drive and reasonable match to the 
source input circuit; the center tap of the 

Ct HEP80I 
220 

m r r r 

+11-18V 

fig. 8. Dual-fet balanced modulator. 

dual-fet balanced modulators 
A dual field-effect transistor consists 

of two fets with identical characteristics 
mounted in the same case. Such units are 
designed mainly for use in differential 
amplifiers, but they are also ideal for 
balanced modulator and demodulator cir-
cuits. Devices are available which func-
tion up to several hundred megahertz. 

An effective circuit that I have oper-
ated on 80 through 10 meters using 
plug-in coils is shown in fig. 8. In this 
circuit the paralleled gates of the Sili-
con ix; 2N5912 dual fet are supplied with 
carrier f rom a crystal oscillator. The 
drains are connected in push-pull to 
obtain carrier cancellation. Removal of 
the crystal from the oscillator permits use 
of a stable vfo. Output level is correct for 
driving a low-power vacuum-tube linear 
amplifier using a 6AK5, 6BA6, etc. 

The modulating signal is applied to a 
push-pull source circuit. In my pegboard 

output winding permitted a balanced feed 
system. A capacitor across the secondary 
(C10) is used to control the high-fre-
quency audio roll-off. 

The average audio module may supply 
more audio than is necessary. If this is the 
case a loading resistor (R4) of 12-ohms or 
higher (depending upon how much the 
audio amplitude must be cut back) can be 
connected directly across the output of 
the module. The microphone gain control 
is connected between the mike terminals 
and the audio module input. 

Carrier balance is handled by capaci-
tors C5 and C6. The trimmer capacitor is 
adjusted for minimum carrier output; 
carrier suppression is excellent. No carrier 
reduction control was included in the 
source circuit although some additional 
suppression may be possible. However, if 
the dual fets are really identical it should 
not be necessary. 

ham radio 
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tebook 

32S-3 audio 
The two audio amplifier stages in the 

Collins 32S-3 exciter run full-blast, inas-
much as the mic gain control follows 
them. With high microphone levels the 
second audio stage is overdriven and adds 
distortion; this can be verified by placing 
a voltmeter between V1B pin 6 and 
ground. This distortion may be reduced 
by allowing slightly higher mic gain 
settings, and adding desirable degenera-
tive feedback in the audio stages to 
reduce the level at which the second 
audio stage operates. 

Collins Service Bulletin No. 2 (dated 
21 September 1967) says, "disconnect 
and discard the bus wire connected 
between tube socket XV1, pin 8, and 
switch S8C, pin 2. Replace the bus wire 
with a new 680-ohm resistor, R1." R1 is 
V-i watt. This change was incorporated in 
the fifth edition of the 32S-3 transmitter 
instruction book. 

Incidentally, Collins Service Bulletin 
No. 1 was revised on 13 October 1967, 
making a number of changes. After tests, 
I restored the 1-megohm resistor R101 in 
the first audio stage, V1A, rather than use 
the 100k resistor. Many of the changes 
already were incorporated in my equip-
ment, which is covered by the third 
edition of the instruction book (dated 15 
September 1964). 

My attention was called to another 
change to increase degenerative feedback. 
The third edition of the instruction book 
shows a 20-fxF capacitor, C183, between 

pins 10 and 11 of switch S9F and ground. 
This capacitor bypasses the second audio 
cathode resistor, R4. It did not appear in 
the fifth edition of the book; Collins 
recommended that it be disconnected. 
The capacitor is located conveniently 
behind the words freq control on the 
upper left of the front panel so the 
change can be made without removing 
the set. 

If there still is excessive audio gain 
Collins has recommended a V-i- or a 
1-megohm resistor between pins 1 and 6 
of the audio stages, V1. This is between 
the two plates. I tried it using a Vector 
test socket under the tube, and found 
that it is desirable, resulting in excellent 
audio quality after removing the capac-
itor mentioned above. The level in the 
second audio stage was reduced to a 
distortionless level and the mic gain was 
at a reasonable half-scale position. I had 
been using the Electro Voice 676 dyna-
mic cardoid microphone, with 10-dB 
roll off. 

Bill Conklin, K6KA 

narrow-shift RTTY 
reception with 
Heath SB receivers 

To receive 170-Hz narrow-shift R T T Y 
signals with the Heathkit SB-100, SB-101, 
SB-300 or SB-301 using the optional 
400-Hz filter, the bfo crystal must be 
3393.19 kHz. In the SB-series receivers 
the lower-sideband crystal is 3393.6 kHz; 
the frequency may be lowered to 
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3393.19 kHz by placing a small capacitor 
from the grid of the oscillator tube to 
ground. This shunt capacitor must be 
chosen so that both the mark and space 
tones have equal amplitude; 20 pF 
worked satisfactorily in several sets tried 
here. 

In the SB-300 and SB-301 receivers 
the 3393.6-kHz crystal must be placed in 
the upper-sideband crystal socket so it 
will be selected when the 400-Hz filter is 
switched in. 

Robert Clark, K9HVW 

dynamic transistor 
tester 

If you already have an oscilloscope on 
your workbench here is a simple dynamic 
transistor tester which wil l measure both 
in- and out-of-circuit transistors. Total 
cost of the device is less than $5. In 
addition, this tester wil l check diodes, 
although it cannot be used with mosfets, 
junction fets or uhf varistors and diodes. 

In the circuit in fig. 1 a small ac 
voltage is fed to the transistor junction. 
This alternately forward and reverse 
biases the junction. With the oscilloscope 
test leads open-circuited a horizontal 
trace is displayed; when the test leads are 
shorted a vericai trace is shown. A good 
transistor junction, either emitter-to-base 
or base-to-collector, when connected 
between the two test leads, wil l show a 
sharp-cornered trace as shown in fig. 2D. 
A rounded corner (fig. 2E) indicates 

<330 £2200 1 we ; £2200 1 
-OV HO 
-OGNO 

fig. 1. Simple dynamic transistor checker tests 
both in- and out-of-circuit transistors and 
diodes. 

leakage current. Junction resistance 
shows up as a sloping vertical trace (fig. 
2F). 

To calibrate the oscilloscope, switch 

the horizontal sweep to external, plug in 
the test leads, and with the leads open-
circuited, adjust the horizontal control 

JUNCTION 
LEAKAGE 

fig. 2. Basic traces obtained with the test 
circuit of fig. 1. 

for approximately 2/3 scale deflection. 
Now short-circuit the test leads and ad-
just the vertical control for approxi-
mately 2/3 scale deflection. The equip-
ment is now ready for testing. 

COLLECTOR TO 
EMITTER NORMAL 

fig. 3. Typical circuit traces provided by 
the dynamic transistor tester. 

Power transistors require more test 
current—this is provided by closing 
switch S1. Most in-circuit transistors will 
indicate some resistance such as shown in 
fig. 3B or 3C. This transistor tester will 
not check an in-circuit transistor when 
the impedance across the junction is 
extremely low. 

Vern Epp, VE7ABK 
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radio-controlled 
morse sounder 

The circuit shown in fig. 4 provides 
operation of a Morse telegraph sounder 
off the air. There are many amateurs who 
are also Morse operators and would like 
to hear the music of a telegraph sounder 
again. With this circuit the relay picks up 
wi th the reception of a signal. 

RA 
1 M O9+ 

5 0 * 

fig. 4. Circuit for operating Morse sounder off 
the air. K1 is 10,000-ohm spst relay. 

The first half of the 6SN7 is connected 
as a diode rectifier. The incoming audio 
signal is rectified to bias off the second 
half of the 6SN7, which is a clamp tube. 
When the tube is clamped of f , current 
f low stops, and the voltage at pin 5 of the 
VR105 increases, igniting the VR tube 
and causing the relay to close. If more 
audio gain is desired a one-stage amplifier 
could be inserted between the receiver 
and the first half of the 6SN7 although 
this should not usually be necessary. 

For proper operation, current f low 
through the relay should be measured 
between the relay coil and ground. The 
value of R4 may have to be reduced to 
approximately 40k for snappier sounder 
operation. Capacitor CI may be increased 
to 0.1 /uF if desired. Total current drain 
from a 250 to 300-volt receiver power 
supply is about 50 mA. 

Jack Proefrock, K6QEQ 

nylon guy rope 
Most amateurs who have experimented 

wi th antennas realize the problems gen-
erated when steel guy wires are used in 
close proximity to the antenna they 

support. Swr and pattern distortions are 
just the beginning. 

After a recent residence move I de-
cided that the only location on the 
property suitable for a tower was the 
roof. This meant that guying would be 
essential. In an effort to bypass the usual 
interference problems I considered two 
possible remedies. One was the use of 
strain insulators to break up the guy wires 
into non-resonant lengths. I ruled this out 
for several reasons: time involved, added 
potential weak links and the increased 
cost. 

The second consideration was the use 
of nylon rope. I f inally decided on a rope 
with a working strength of 148 pounds 
(in excess of 750 pounds test). My 

l)>F 

PHONE 
PLUG 

AUDIO 
TRANSFORMER 

1 RECEIVER 
r t j GROUND 

fig. 5. Interface circuit for plugging Morse 
sounder circuit into your receiver. 

24-foot aluminum tower went up from its 
tilt-over base without a hitch. However, 
when it was time to begin tightening the 
nylon guy ropes, the first hint of trouble 
appeared. We couldn't tighten each leg 
enough; the nylon, especially the end 
knots, was stretching. 

With hopes of rectifying the situation, 
we switched from knotted ends to split 
bolts. This helped, but not as much as I 
would have liked. Even so, I decided to 
give it a trial run. I kept the installation 
status quo for the entire winter and 
found that nylon was every bit as strong 
as first anticipated, and held in winds 
gusting over 90 mph. The nylon guys 
showed litt le, if any, signs of weathering; 
the split bolted ends were still secure. 

After the tower was up a short t ime I 
discovered that strength was not the only 
criteria to consider. Although the tower 
guys held safely in high winds, stretching 
became more and more evident. The 
tower and array often swayed violently as 
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if suspended by six huge rubber bands. 
This generated a lot of unpleasant noise 
and may have weakened the base mount. 
Needless to say, this sort of installation 
was unacceptible. 

As is often the case, the eventual cure 
was a compromise. Nylon rope was used 
for the top set of guys, while steel was 
chosen for the lower supports. This ar-
rangement reduces noise and provides 
acceptable strength with minimum guy-
to-antenna interaction. 

Morrie S. Goldman, WA9RAQ 

drill guide 
While building various projects I oc-

casionally f ind it necessary to accurately 
drill a hole in the center of a %-inch 
volume-control shaft. I first obtain a 
short length of soft-iron stock, 1-inch 
square or smaller, depending on what is 
available; then I dril l a hole through the 
iron with a small dril l (7/64-inch or 6-32 

fig. 6. Simple jig for 
drilling hole in the 
center of a W shaft. 

tap dril l). This can be done with a hand 
drill. 

Using this small hole as a pilot hole, I 
drill halfway through the metal with a 
%-inch dril l . This completes the drilling 
jig. To use the jig, insert the %-inch shaft 
into the larger hole and drill through the 
smaller. Centering accuracy is quite good 
with this technique and it does not 
require any elaborate tools. 

This method is suitable for drilling 
other size shafts as well. Simply choose 
the correct size drills for each of the 
holes. 

Felix W. Mailings, W5BVF 

improving linear 
amplifier performance 

In a recent article1 it was noted that 
unsatisfactory performance of transis-
torized equipment could often be traced 
to poorly regulated power supplies. This 
is also true of linear amplifiers. The point 
was very much stressed when ssb first 
became popular but is often overlooked 
by the new generation of amateurs. My 
experiences in performing a simple test 
for linearity and observing the increase in 
power output that resulted from im-
proving power supply regulation may be 
instructive. 

My linear, the Heath HA-10, had a 
single 8-/iF capacitor in the power supply. 
Rf output is normally monitored with a 
Heath H0-10 Monitor Scope. When I 
keyed the exciter with a succession of 
dots at about 40 wpm it was obvious 
from the scope display that there was an 
enormous variation in output within a 
single dot, fallowing an approximately 
sinusoidal pattern. It illustrated precisely 
the conditions described years ago in GE 
Ham News.2 

The correction was simply to add 20 
AtF of filtering capacitance (there is 
plenty of room in the spacious old HA-10 
linear). The result was that both long and 
short keyed pulses were nearly flat on the 
monitor scope. Furthermore, there was a 
substantial increase in average power out-
put. I suspect that improving the dynamic 
performance of a linear amplifier's power 
supply will be an economic way of 
increasing power for many amateurs. 

references 
1.W. Wildenhein, W8YFB, "Regenerative De-
tectors and a Wideband Amplifier for Experi-
menters," ham radio, March, 1970, page 66. 
2. "About Power Supplies: Better Dynamic 
Characteristics Mean Better Output on CW, A M 
and SSB," GE Ham News, January/February, 
1954.* 

Guy Black, W4PSJ 

*Copies of this article are available from the 
author for 10 cents and a self-addressed 
stamped legal-size envelope, editor. 
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comments 

collinear antenna 
Dear HR: 

I doubt that WB6KGF is getting 14-dB 
gain from the 4-element 144-MHz co-
linear described in the May, 1971 issue. A 
single 5/8-wave section gives 3-dB gain 
over a ground plane; theoretically, two 
sections provide 6-dB gain, and four 
sections yield 9 dB — //current is equal in 
all sections. When fed at the bottom, top 
sections have less current. I would guess 
that 7-dB gain would be a more realistic 
figure. 

William I. Orr, W6SAI 
San Carlos, California 

Dear HR: 
W6SA! is quite right in saying that it is 

impossible for the gain of a 4-element 
colinear to be entirely responsible for the 
14-dB increase in field strength. As / said, 
some of this increase could be attributed 
to an increase in transmitter power input; 
/ should have emphasized this more. 

During the tests the colinear was at the 
end of a long run of old RG-8/U coax 
(over 100 feet) with fixed 50-ohm trans-
mitter output However, / don't think 

gain would be as low as 7 dB — don't 
forget, mutual coupling between elements 
plus the low-loss characteristics of the 
copper-tubing elements would reduce any 
current imbalance caused by feeding the 
antenna at the end as opposed to the 
center. 

The antenna system is highly resonant 
with circulating currents far exceeding 
the input rf current Unfortunately, since 
the antenna described in the article is in 
Viet Nam, it is not available for further 
tests with input power held constant. 

Robert A. Dahlquist, WB6KGF 
Kingsburg, California 

old-time radio 
Dear HR: 

K4NW's excellent article, "Those Were 
the Days," brought back memories of the 
good times I used to have with ham radio. 
I have had a transmitter of some sort on 
the air since May, 1913, starting out with 
a Ford spark coil powered by Columbia 6 
dry cells, obtained from the telephone 
company when they installed new ones. I 
will never forget the thrill that came with 
my first contact — it was only seven miles 
away, but what a thril l! 

My first receiving crystal was home-
made. I used a teaspoon for mounting; 
the holder was a piece of pure lead about 
the size of a large pea. The crystal itself 
was made by melting flower of sulphur 
until it formed a crystal. Believe it or not, 
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it worked very well at the time. 
In the early 1920s I built one-, three-

and five-tube receiving sets, as well as a 
visual scope. For the scope I used an old 
Baldwin speaker unit, mounting it on the 
bottom of a tin can with lead weights. A 
toy balloon was stretched across the top 
of the can; a teaspoon of mercury was 
put in the center of the balloon. With a 
light bulb shining on the mercury, and a 
mirror arranged so the reflection from the 
mercury pool was projected onto a 
ground-glass screen, I could obtain good 
pictures of waveforms. 

Charles M. A. Shade, W5NKA 
Giddings, Texas 

two-meter converter 
Dear HR: 

I want to thank you for the WB2EGZ 
article in the February issue of ham radio. 
I have done a lot of playing with solid-
state converters over the past several 

meters around this part of the country 
than anything since the launch of OSCAR 
V. I have not had a chance to measure the 
noise figure accurately, but the five con-
verters I have checked exhibited noise 
figures from 2.5 to 3.0 dB. 

Although I have never had much luck 
with printed circuits on two meters the 
WB2EGZ design works very well. I did 
have to add a shield between the input 
and output of each of the rf stages; this 
cured the self oscillation. 

I also modified the oscillator circuit 
(fig. 1); a number of amateurs wanted to 
use their existing converter crystals to 
keep construction cost down. This circuit 
is simple to duplicate, is very stable, and 
has a lot of output as a frequency tripler. 
You will notice that there is no resistor in 
the emitter circuit of Q2 — only a .001 
capacitor. The emitter junction is used as 
a varactor, a trick used in some of the 
Parks converters. I have used this basic 
oscillator circuit for several years because 
it is simple and easy to build. 

i-f 14 M H z 
Y l 43.333 MHZ 
L I 11 turns no. 28 

on 3/16" form 

28 M H z 
38.666 M H z 
12 turns no. 28 
on 3/16" form 

30 M H z 
37.833 MHz 
12 turns no. 28 
on 3/16" form 

L 2 6 turns no. 16, 1-turn spacing, airwound, 1/4" I D 

years, and I had what I thought were 
good designs. They worked well, provided 
good gain, and had good noise figures, 
usually around 2.5 dB. 

I have now built several converters 
using the WB2EGZ design and they all 
perform very well. The converters were 
easy to duplicate, which speaks well for 
the basic design. In fact, the WB2EGZ 
article has created more talk on two 

The transistor lineup in my converter 
has an RCA 40673 at the input, a 3N140 
in the second stage and a 3N141 mixer. 
The transistors in the oscillator and 
tripler can be any good pnp devices. I 
have used a number of different tran-
sistors including the 2N3284, TIX10, and 
Ml24; nearly anything seems to work. 

John C. Fox, W0LER 
Minneapolis, Minnesota 
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rf interference 
Dear HR: 

When selecting the transistor radio as 
an i-f for the converter used as a noise 
locator (QST, June, 1966), it wi l l prevent 
birdies if a trf instead of a superhetero-
dyne receiver is chosen. However, be sure 
that the trf set has an unused broadcast 
frequency available on it without inter-
ference. 

The QST converter has no connection 
between the oscillator and the mixer in 
the high-frequency range. Tests with a 
signal generator resulted in adding a 
coupling capacitor for some bands in 
order to obtain adequate sensitivity. Also, 
the whip antenna was too small. A 
bamboo pole, wound loosely with wire, 
with a long lead to a plug, provided 
sensitivity comparable to the home re-
ceiver. In a few cases, a wire coil used as a 
loop antenna, even on the fm band, could 
be used for determining the direction of 
the noise. 

Bill Nelson, WA6FQG, emphasizes the 
need to shift to a higher frequency as the 
noise is approached, thus limiting its area. 
On the 7- and 3.5-MHz bands, the noise 
may be heard for a mile or two, but this 
can happen even on 28 MHz if the noise 
source is high and in line of sight. As the 
receiving frequency is increased when the 
noise is louder, there may be a substantial 
reduction in noise range, permitting ac-
curate noise location. Some noises, how-
ever, may be heard in a relatively narrow 
frequency range. Fluorescent lights are 
likely to have a high-frequency cutoff 
around 7.5 to 8 MHz. It is helpful to have 
a genera I-coverage noise locator because 
of the possible frequency limitations of 
the noise. 

On the upper high-frequency bands 
there may be standing waves so it is 
necessary to walk beyond the point of 
minimum noise to determine whether 
there is another peak further along — pos-
sibly a stronger one! Reduction of the rf 
gain may help particularly where the age 
cannot be disabled. Beware of increased 
noise levels near power poles having a 
ground wire; this just adds antenna length 

to the noise-locator receiver. 
It is well to have a sledge-hammer, or 

at least a large rock, with which to 
" thump" a power pole in the noisy area. 
Usually, the pole "thumped" will cause 
the noise to break up (and sometimes to 
come on, or go off) , but movement 
sometimes travels down the wires to an 
adjacent troublesome pole. Thick poles 
don't respond to this treatment, but fre-
quently it is possible to make a guy wire 
swing sufficiently to produce the neces-
sary movement of a pole to affect the 
radio interference. 

New electric lines appear to be worse 
than old ones. Here, this has resulted 
from installation where the nuts were left 
loose all over a pole! Sometimes, a noisy 
pole again becomes noisy a half-year 
later. One capacitor bank on a pole near 
my home has created noise three dif-
ferent times. 

One swimming-pool pump motor put 
out noise for a hundred feet. It was 
reported to the owner. Within about two 
weeks, it failed completely and was re-
placed. 

The Navy purchased shield boxes for 
fluorescent lights; in addition to line 
filters and metal shields, the light passed 
through a conducting-glass cover. They 
were very effective, even in a radio 
receiving location underground. 

Bill Conklin, K6KA 
La Canada, California 

vhf fm receiver 
Dear HR: 

In the September issue there was a 
2-meter fm receiver project that really 
took my fancy. I built it, and it worked 
so well I wanted to tell you how pleased I 
am with the finished receiver. 

Since ! used printed-circuit boards I 
only had to worry about collecting the 
necessary parts, and alignment. Collecting 
parts was the hardest part of the whole 
project — I enlisted the help of everyone I 
know. Most of the parts were not too 
diff icult, but the Sprague integrated cir-
cuit and i-f cans were tough. I also had 
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some di f f icul ty finding shields for the 
handwound coils. I finally spent a dollar 
and ordered six inexpensive i-f cans from 
a dealer on the East coast; after dis-
carding the goodies inside, the cans 
worked fine for coil shields. 

The i-f transformers specified in the 
original article were too expensive for me. 
The author now advises the use of 
Calectro D1823 i-f transformers. These 
work fine and cost less than one dollar 
each. The Sprague integrated circuit was 
the most elusive rascal I have ever hunted, 
but I f inally found one. 

The sensitivity of the receiver really 
surprised me — 0.3 juV for ful l quieting. If 
you decide to build this receiver I hope 
you have as much fun as I did. It is a very 
worthwhile project, and one that wi l l be 
in constant use. 

Larry Pepple, WA9RRZ 
Fort Wayne, Indiana 

audio filters 
Dear HR: 

That simple audio f i l ter described by 
W4NVK in the October issue of ham 
radio really works. I put one together out 
of the junk box, about 0.3 MF across the 
88-mH toroid, and it entirely cuts out the 
QRN. Tuning was very sharp — I estimate 
about 100 Hz wide; so sharp, in fact, that 
I had to tune with the receiver pitch 
control. There is about 10 dB reduction 
in volume, which is not too bad. 

I put it together with no solder, just 
jumpers, and it about floored me when I 
kicked it into the circuit. I worked a 
novice on 80 meters with no prob-
lem — when I turned the fi lter of f he 
disappeared into the QRN. 

I don't get excited very easily, but this 
filter really works. My SX-101A and 
500-Hz fi lter with bridged-T notch are 
sick next to it. I added a 1000-ohm pot 
across the fi lter to adjust the amount of 
fi ltering — at zero resistance the fi lter is 
shunted out, with maximum resistance 
you get full filtering. 

Duane Schnur, WB8EEJ 
Caro, Michigan 48723 

1296-MHz 
moonbounce 
Dear HR: 

I am using two Motorola 1N5150 
varactor diodes to produce 10 watts 
output on 1296 MHz; this wi l l be used to 
drive a pair of 3CX100A5s to 100 watts 
into a circularly symmetric feed on my 
28-foot dish. Hopefully I wi l l be able to 
work G3LTF and W2NFA via moon-
bounce during March. 

Peter, G3LTF, has sent me a preamp 
which has a measured noise figure of 5.3 
dB and has been used to receive his own 
echoes on his 15-foot dish. The preamp 
wi l l be mounted at the feed point wi th 
the converter in the shack. I have some 
1-5/8" Andrews heliax which wil l be used 
on the transmitting side, and as my dish is 
more accurately constructed than Peter's 
I should be able to hear him between 6 
and 10 dB above the noise. My own 
echoes should be 2 to 3 dB weaker as he 
is running four 3CX100A5s and inferior 
cable. 

I hope that some modifications to my 
dish wi l l be made and the dish remounted 
by late February or early March. The 
polar mount wi l l enable accurate tracking 
automatically any time the moon is above 
the horizon. 

I also have plans for 32 18-foot long 
crossed Swan yagis mounted 15-feet apart 
in both planes and phased for vertical, 
horizontal, clockwise or counter-clock-
wise circular polarization. This wi l l be 
polar mounted on another tower that I 
hope to have operational by the end of 
this year. 

My ultimate aim is to provide moon-
bounce antenna capability on 144, 432 
and 1296 MHz to any interested vhf 
group or individuals in Australia at no 
charge to foster international goodwill 
and promote moonbouncing to many 
who would otherwise be unable to par-
take of this fascinating aspect of amateur 
rad io. 

Ray Naughton, VK3ATN 
Birchip, Australia 
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vhf fm transceiver 

The new Tempo/fmv from Henry 
Radio is setting new highs in performance 
and value. The solid-state two-meter 
transmitter features 12-watts rf output 
with spurious signals more than 60-dB 
down. Frequency deviation is adjustable 
from 5 to 15 kHz. The dual-conversion 
receiver has 0.6 sensitivity for 20-dB 
quieting {0.3 ptV usable threshold). Selec-
tivity at full quieting is ±6 kHz at -6 dB 
and ±15 kHz at 170 dB. Receiver audio 
power output is 1 watt. 

The Tempo/fmv provides eight-
channel coverage. Power supply require-
ments are 12 to 15 Vdc at 2 amps; the 
unit weighs 4.5 pounds. Extra features of 
this fm transceiver include a build-in 
metering test socket, an operation/ 
maintenance manual and an optional 
test-set accessory. The built-in test socket 
can be used with a sensitive microam-

meter to monitor all stages including the 
discriminator. The large instruction 
manual covers complete checkout and 
alignment of the transceiver. The optional 
test set mates with the built-in test socket 
and includes a sensitive microammeter. 

The Tempo/fmv two-meter fm trans-
ceiver is priced at $249 including micro-
phone from Henry Radio, 11240 West 
Olympic Boulevard, Los Angeles, Cali-
fornia 90064. The optional test-set ac-
cessory is priced at $29. For more in-
formation use check-off on page 126. 

gem-quad antennas 
The fiberglass quad antennas from 

Gem-Quad in Canada offer a number of 
interesting design features, including light 
weight, a cone-shaped design that main-
tains critical measurements under severe 
weather conditions, non-corrosive con-
struction, single 52-ohm feedline on all 
bands, low swr, and nylon tension tubes 
at the corners of the quad to eliminate 
sharp angles in the wire, thus assuring 
longer antenna life. Gem-Quads come in 
two-, three- and four-element arrange-
ments for use on 10, 15 and 20 meters. 
Forward gain for the 2-element quad is 
reported to be 8 dB on DX signals; with 
an optional third element (which may be 
easily installed with no conversion) gain is 
increased to about 8.9 dB. Front-to-back 
ratio of the 2-element model is 25 dB; for 
3 elements, front-to-back is 30 dB. 

The Gem-Quad antenna is designed for 
optimum performance and can easily be 
rotated by an ordinary tv rotator. When 
properly assembled, the Gem-Quad is 
capable of withstanding winds up to 100 
mph. The 2-element quad is $107.00 
complete; 3-element quad, $167.00; and 
4-element quad, $227.00 complete. A 
third of fourth element, if purchased 
separately, is priced at $60.00. For more 
information write to Structural Glass 
Limited, 20 Burnett Avenue, Winnipeg 
16, Manitoba, Canada, or use check-off 
on page 126. 
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AMATEUR 
ELECTRONIC SUPPLY 

- U & i -

9* Stock fa 
OmtfieGt&iote, JbeUve/uf, 

ROBOT MODEL 70 MONITOR. 
ROBOT MODEL 80 CAMERA . 
25mm, f 1.9 lens 
25mm. f 1.4 lens 
25mm, f 1.4 Macro lens 

$495 
$465 
$ 30 
$ 40 
$ 60 

AMATEUR ELECTRONIC SUPPLY 
4828 West Fond du L a c Ave. Milwaukee, Wis. 53216 

Phone (414) 442-4200 
HOURS: Mon & Fri 9-9; Tues. Wed & Thurs 9-5:30; Sat 9-3 

To: AMATEUR ELECTRONIC SUPPLY | 
4828 West Fond du Lac Avenue 7 

Milwaukee, Wisconsin 53216 I 
am interested in the following new equipment: | 

Ship me the following New Equipment. 

I enclose $ - I will pay balance (if any) 

I have the following to trade: (what's your deal?) J 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

• C O D ( 2 0 % deposit) • Revolving Charge Plan 

Name-

Address-

City. 

State- -Z ip-

432-MHz converter 

• Send Reconditioned Equipment Bulletin 

The new Janel 432-MHz converter 
provides many design features for the 
432-MHz operator, including noise figure 
of 5.5 dB, any 4-MHz band from 420 to 
470 MHz, 35-dB gain (adjustable) and 
image rejection (with 28-MHz i-f of 40 
dB; i-f rejection is 95 dB. The new high 
performance converter uses all silicon and 
mosfet transistors, high-Q air-line tuned 
circuits for low loss and built-in zener-
regulated power supply for extreme fre-
quency stability; the built-in power 
supply may be used for 117 Vac or 12 
Vdc operation. 

The converter circuit uses five npn 
bipolar silicon transistors plus one 
mosfet. The rf amplifier uses a 40235 in a 
common-emitter configuration with a 
broadband input circuit to tune out input 
reactance. Two silver-plated stripline out-
put circuits provide maximum selectivity 
and image rejection. The local oscillator 
chain begins with a crystal in the 
100-MHz region, thus reducing the num-
ber of multipliers and spurious responses. 

A 40235 oscillator excites two 40235 
dou biers to obtain injection to the base 
of the 40235 grounded-emitter mixer. 
The output of the mixer is capacitively 
coupled to the three-stage mosfet i-f 
amplifier that provides zero-to 27-dB i-f 
gain by adjustment of a control on the 
front panel. 

I-f output frequencies available off the 
shelf are 26-30 MHz, 28-32 MHz and 
50-54 MHz. One-year guarantee. $64.95 
from Janel Laboratories, Post Office Box 
112, Succasunna, New Jersey 07876. For 
more information use check-off on page 
126. 
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MORE RANGE... 
withJIO NOISE 

I t * 

ESTES ENGINEERING CO. 
§ 543A W. 184th St, Gardena, Calif. 90248 

DO YOU NEED CASH?? THEN WRITE ME 
GIVING LIST OF GOOD AMATEUR GEAR 
YOU WANT TO SELL: WE NEED GOOD 
NOVICE XMTRS., RECVERS., OR WHAT 
HAVE YOU: WANTED COLLINS EQUIP. 
KWM-2, "S LINE" LINEARS, ETC. 

USED, GUARANTEED EQUIPMENT 
FOR SALE OR TRADE 

COLLINS: 
75A2 — VRY GUD COND $199,00 
75A4 — VRY GUD COND $345.00 
75A4 — (New PTO) EX. COND $425.00 
JOHNSON: 
INVADER 200, Mint $225.00 
SWAN: 
240 & TCU, Mint $325.00 
HICKOK: 
Model 505A Scope, Exc $ 95.00 

We have more gear than we can list here, 
write for up-to-date list and prices. New 
equip.: Galaxy, Swan, Drake, Regency, HR-2, 
Mosley, Hy-Gain, New-Tronics, Cush-Craft. 
We are also dist. for CB radios, new and 
used. Let us know your needs in amateur 
and CB equipment. 

BOB'S DISCOUNT ELECTRONICS 
720 N Hudson, Oklahoma City, Okla. 7 3 1 0 2 

(40S) 2 3 2 - 1 3 8 4 

solid-state qrp 
projects 

QRP operation is rapidly becoming 
one of more popular facets of amateur 
radio, largely because it means a return to 
homemade equipment and economical 
operation. This new book by Ed Noll, 
W3FQJ, covers a variety of solid-state 
transmitting gear, with power ratings 
from less than 100 milliwatts up to about 
20 watts. A variety of solid-state crystal 
oscillators and vfos are included as well as 
multistage cw transmitters. There are also 
a-m and single-sideband circuits. 

The emphasis in this book is on solid 
state with circuits using bipolar tran-
sistors, field-effect transistors and inte-
grated circuits. Also included are an 
introduction to practical solid-state cir-
cuit theory, QRP test gear and simple 
antennas for QRP operation. 

128 pages, softbound. Published by 
Howard W. Sams & Co., Inc. $4.25 from 
Comtec Books, Box 592, Amherst, New 
Hampshire 03048. 

RTTY control terminal 
The new WCl phase-locked-loop de-

tector-type RTTY demodulator converts 
the audio-frequency shift tones from a 
communications receiver to dc pulse data 
that operates a teleprinter. This demodu-
lator has the unusual ability to track the 
input audio signal frequencies automat-
ically if they change frequency due 
to transmitter or receiver dri f t . In addi-
tion, this unit will automatically copy 
any shift from 100 to 1000 Hz. Also 
included in the detection circuitry is an 
automatic threshold computer. 

If the input signal is degraded past a 
preset level (due to a fading or a very 
poor signal-to-noise ratio) an automatic 
noise squelch circuit places the unit in 
mark hold to hold the selector-magnet 
armature closed to prevent the machine 
from printing unwanted erroneous char-
acters. 

The RCT-2D RTTY control terminal 
uses all solid-state circuitry with plug-in 
printed-circuit boards. Each printed-cir-
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. . . THE BEST 

2 METER 
C O N V E R T E R 

Model 407 

$42.95 
ppd. 

144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 

available for $5.95 each 
A full description of this fantastic converter would 
fill this page, but you can take our word for it 
(or those of thousands of satisfied users) that it's 
the best. The reason is simple — we use three 
RCA dual Rate MOSFETs, one bipolar, and 3 
diodes in the best circuit ever. Still not con-
vinced? Then send for our free catalog and cct 
the full description, plus photos and even the 
schematic. 
Can't wait? Then send us a postal money order 
for $42.95 and we'll rush the 407 out to you. 
.NOTE: T h e Model 4 0 7 is also avai lable in any 
fieauency combination up to 4 5 0 MHz (some at 
higher prices) as listed in our catalog. New York 
City and State residents add local sales tax. 

VANGUARD LABS 
Dept. R, 196-23 Jamaica Ave., Hollis, N.Y. 11423 

radio amateur lb k 
Radio Amateur 
Emblems engraved 
with your call letters. • 

n Gold 
• Rhodium 

j Q j I call letters 

It. W 9 X Y Z Jj 

• Gold 

Rhodium 

call letters 

$6.00 Ea. 

All illuslrolions 
are octuol sue 

• Gold 

• Rhodium 

1 call letters 
\ $ 6 - ° ° E a -

Two or more ^emblems at the same time $s.00 each. 

Rvsfc Ordtr To: RADIO AMATEUR CALLB00K, Inc. 
Dept. E. 925 Sherwood Drive, Lake Bluff, III. 60044 

cuit board has built-in top-access test 
points and adjustments for easy main-
tenance. The RCT-2D can also be sup-
plied with digital autostart and selective 
call. The digital autostart keeps the tele-
printer motor turned off until a message 
is being received. Within the first three 
characters the motor turns on and the 
message is printed. Ten seconds after the 
last character is received, the motor is 
turned off again. 

The RCT-2D R T T Y control terminal is 
available from WCI, Post Office Box 
17, Schaumburg, Illinois 60172. For 
those amateurs who want to build the 
WCI phase-locked demodulator them-
selves, the company is offering a kit of 
pre-drilled circuit boards with instruc-
tions for $45. For more information use 
check-off on page 126. 

high-frequency receiver 

The new Galaxy FFR-230/6 receiver is 
completely solid state and crystal con-
trolled for operation on any six channels 
in the 2- to 18-MHz range. Front panel 
controls are provided for channel selec-
tion, mode—usb and Isb (2.1 kHz band-
width) and cw (1.5 kHz bandwidth), 
clarifier (ssb), bfo, af and rf Gain. 
Features include rack mounting, internal 
speaker and 117-Vac power supply, 
external muting and audio (4 ohms and 
600 ohms), modular construction and 
plug-in circuit boards for changing fre-
quency. Priced at $950.00. Optional filter 
bandwidths are available. 

For more information on the new 
Galaxy FFR-230/6 receiver, use check-off 
on page 126 or write to Galaxy Elec-
tronics, Subsidiary of Hy-Gain Elec-
tronics Corporation, Route 3, Lincoln, 
Nebraska 68505. 
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KOJO AUDIO FILTERS FOR SSB AND CW 
The KOJO audio filters can greatly improve reception 

on all receivers, even the most sophisticated receivers. 
Large amounts of high-frequcrcy hiss, background noise 
and sideband buckshot can be removed. 

The SSB filter is of a low pass configuration, designed 
wilh a sharp cutoff to provide a rejection of better than 
30 decibels at all ham band frequencies above approxi-
mately 3500 Hz. The filter is specificially designed to be 
placed in a low-impedance line for earphones or speaker. 

The CW f i l ler has a 
spot frequency of 780 Hz 
and a passband of 1100 
Hz w i lh a reference 
level, 40 decibels below 

r m the signal level at the 
oaoxf design frequency. The 

peak of the passband is 
' SSB 100 Hz wide at the —3 

decibel reference points. 
The CW filter is specifi-
cally designed for low-

impedance Input and high-impedance output. High-imped-
ance crystal earphones are recommended. However, with 
low impedance earphones a small auxiliary amplifier or 
impedance matching transformer may be used. 

KOJO filters are made up of top grade coils and com-
ponents and are available In easy to assemble kit form 
with simplified instructions, or in a deluxe model. The 
deluxe model is completely built up and ready for use and 
is enclosed in a Gray cabinet0 with convenient 1N-0UT 
switch. 

Try a KOJO and see what you can hear now and could 
no', clearly hear before. 
"Slight cabinet layout changes subjeci to take place 
without notice. 

CW Filter Kit $ 7.95 Deluxe CW Filter $15.95 
SSB Filter Kit $11.95 Deluxe SSB Filter $19.95 
All filters shipped postpaid. Arizona residents add 4% 
sales tax. 

THE J. LYNCH CO. 
P. O. Box 7774, Phoenix, Arizona 85011 

ROTARY FILE MODEL CB-8-H 
Displays and protects QSL's 
in clear plastic pockets (3 lh 
x 5Vz) included for 160 
cards, holds up to 500 cards. 
Refills available. Rotates on 
base and a turn of knob 
brings new cards Into view. 
Cards held securely without 
glue or mounting. 

PRICE: S9.00 ppd. U.S.A. 
III. res add 5% Sales Tax 

With order for 1 QSL File 1 
packet refills FREE with this 
AD only. 

M-B PRODUCTS & SALES 
1917 N. Lowell Ave., Chicago, III. 60639 

i < Transf: Prl 115/230 Dual Sec. Ea. 12V-30A 514.25 
16V-45A $17.75 

HS 33 Headset 600 Ohm Leather Headband S6.50 
BB403 Nicad 4 Amp. 51.95 
RG8/AU Coax. 15' PL 259 Ea. End. $1.49 

Write for Free Catalog 

A L 1 S , twaco. i*c 
lUCflOMK NIIIKVfOM 

7049 W. A R C H E R A V E N U E 
C H I C A G O , ILLINOIS 60638 

P H O N E : 312-586-7441 

144/432-MHz 
transverter 

The new Braun TTV-1270 solid-state 
transverter seems like the ideal way to 
become operational on 432 MHz. The 
TTV-1270 was developed specifically for 
mobile, portable and field-day operation, 
although it is also suitable for low-power 
fixed-station operation on 432 MHz. 

To put the TTV-1270 on the air 
simply connect it between a 2-meter a-m, 
fm or cw transceiver and a 432-MHz 
antenna. No antenna switching is re-
quired; a 12-volt dc power supply is 
needed only for receive. Input frequency 
range is 144 to 146 MHz; output range is 
432 to 438 MHz. 

The transmit section of the TTV-1270 
transverter uses a factory-aligned varactor 
tripler. Input power should be from 50 
mW to 1.2 watts. Output is 30 to 720 
mW at 60% efficiency. In the receive 
mode the output of a 96-MHz voltage-
regulated crystal-control led oscillator is 
tripled to 288 MHz. This signal serves as 
the injection for a 432-MHz diode mixer 
stage. Noise figure on receive is 9 dB; 
receiver gain is -9 dB. To change from 
transmit to receive, the 12-V power 
supply is connected; current drain in the 
receive mode is 12 mA. 

The Braun TTV-1270 is built into a 
silver-plated enclosure with rf-tight parti-
tions. The stripline 432-MHz circuits are 
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A L L SOLID-STATE 
SSB TRANSCEIVER 

$193 .00 . . 
• Complete single-band S S B transceiver 4 to 5 

watts PEP output 15. 20, 40, or 75 mtrs. 
• VXO tuning up to 100 KHz or 2 fixed freq. 
. Suitable for dry battery operation. 
. Light weight, small size makes excellent 

portable - boat, aircraft, field or mobile. 
. Contains 15 transistors, 1 MOSFET, 2 darling-

ton amps., 1 I.C. and 17 diodes. Four-pole 
filter. 

• Some options available to customer require-
ments. 

• Furnished with spare switching and final amp. 
transistors, dummy load and extra plug. 

JUSTIN, INC. 
2663 NORTH LEE AVENUE 

SOUTH EL MONTE, CALIF. 91733 

radio amateur l l book 
GET YOUR NEW 

ISSUES NOW! 
Over 285,000 QTHs in 
the U.S. edition $8.95 
Over 165,000 QTHs in 

the DX edition $6.95 

\ NEW EDITION EVERY: 
MARCH 1 - SEPT. 1 

JUNE 1 - DEC. 1 

These valuable EXTRA features included in both editions! 

• Prefixes by Countries! 
• Zips on all aTH's! 
• A.R.R.I. Phonetic Alphabet! 
• Where To Buy! 
• Great Circle Bearings! 
• International Postal 

Information! 
• Plus much more! 

See your favorite dealer or order direct (add 25C for mailing 
in U.S.. Possess ions & Canada. Elsewhere add 50C>, 

DS l Managers Around the 
World! 
Census of Radio Amateurs 
throughout the world! 
Radio Amateurs' License 
Class! 
World Prefix Map! 
International Radio 
imateur Prefixes 

R A D I O A M A T E U R 
I b o o k I N C 

Dent E 925 S h e r w o o d Drive 
H ' Lake Bluff , III. 60044 

silver-plated on glass-epoxy printed-cir-
cuit board. BNC connectors are used for 
both input and output connects. The 
transverter is factory-aligned for 50-ohm 
input and output impedance. Slight im-
provement in performance can sometimes 

be obtained by retuning the unit with 
your two-meter source and 432-MHz an-
tenna; complete instructions are provided 
with the unit. 

The Braun TTV-1270 is specially in-
troductory priced at $37.50 from Spec-
trum International, Post Office Box 87, 
Topsfield, Massachusetts 01983. For 
more information on Braun vhf and uhf 
equipment, use check-off on page 126. 

transistor substitution 
handbook 

Although bipolar transistors are noted 
for their low failure rate occasionally 
they do have to be replaced. As long as 
the specific type number required is 
available replacement of the transistor is 
no problem because a duplicate of the 
original should be used whenever pos-
sible. All too often, however, an exact 
replacement cannot be obtained without 
considerable delay. Furthermore, the 
great variety of transistor types make it 
difficult to determine which transistor 
can be substituted for the original. 

The new 11th edition of "Transistor 
Substitution Handbook" is possible be-
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? 
C I R C U I T 
B O A R D S 
i n 1 0 

M i n u t e s 
with just a pair 
of scissors 

Pressure Sensitive Copper Foil 
Tape and Sheet 

No Chemicals — No Mess 
No Layout Restrictions 
Full Instructions 
Simple Circuit Changes 
Flexible — Conforms to any surface shape 
Use for Crossovers — Either insulate with 
Teflon or Mylar or use other side of board. 

5 feet 1/16" or 1/8" wide 
100 feet 1/16" or 1/8" wide 

Sheets 6" x 12" — $2.50 each 
or 5 for $9.95 

$.60 
$9.95 

Order Now 

Cir-kfb 
Division of Blulyne Electronics Corp. 

91 State Street 
NORTH ADAMS, MASS. 02147 

KW BALUNKIT S7/U ONLY$5! 
Tho AMIDON Toroid Balun Kil makes a modern, compact antenna 
trarslormer thai can bo wirod lor olthor 4:1 or 1 I m p e d a n c o ratio. Tho 
balun Is ideal tor uso botwocn a coaxial foodllno and a balanced an-
tenna. It reduces coax radiation and properly balances the energy tor 
application to the antenna's foedpoint The Balun also acts as an Isola-
tion device ant) romoves tho capacity ot tho coax Irom tho antenna 
which extends the low SWH frequency range ol the array. Batuns made 
Irom this kil can be used to advantage on thoso antenna types:Oipolo. 
Quad. Beam, Invertod Voo, Windom and Folded Dipole. 

S£ND FOR 

rm nmtt 

A M I D 0 N . . 
y-^mm 

-
* * * JBJ| 

r if a-* 
i I m in » 

12033 OTSEGO STREET • NORTH HOLLYWOOD. CALIF. 91607 

Headquarters for STANDARD COMMU-
NICATIONS in Central New York. 

Featuring the exciting new SR826M two 
meter solid-state FM transceiver. 

Also dealers for the ETO Alpha Seventy, 
the ultimate in high frequency linear 
amplifiers. 

Your trade accepted — write for used 
equipment list. 

C. F. P. ENTERPRISES 
10 Graham Road West 

Ithaca, N. Y. 14850 
607-257-1575 

cause of the ability of modern-day elec-
tronic computers to handle a large quan-
tity of information in a relatively short 
length of time. The computer selected the 
substitutes listed in this handbook in 
much the same manner that an individual 
would select a transistor replacement. 
The electrical and physical parameters 
shown in the manufacturer's published 
specifications for each bipolar transistor 
were given to the computer, and then 
each transistor was compared with all the 
others. Over one billion data comparisons 
were made in the preparation of this 
book. 

The transistors which matched within 
given limits are listed as substitutions. A 
second section contains additional infor-
mation on general purpose replace-
ment transistors: the manufacturer, the 
polarity (npn or pnp), the material (ger-
manium or silicon), and the recommended 
applications. The information in this hand-
book can be used by anyone concerned 
with transistor replacement — be it in 
amateur, industrial, commercial, or home-
entertainment equipment. 160 pages, soft-
bound. $2.25 from Comtec Book Division, 
Box 592, Amherst, New Hampshire 
03031. 

marine radiotelephone 

For shipboard and shore applications 
R F Communications has produced a 
marine single-sideband radiotelephone in-
corporating the latest electronic advances 
and compatible with all existing and 
f u t u r e mar ine stations. The new 
RF-201M series includes compatible a-m, 
speech clarifier, squelch, balanced audio 
and complementary accessories including 
remote controls, 1-kW amplifier, antenna 
couplers and power supplies. The unit is 
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FIRE & BURGLAR ALARMS 
1971 Handbook & Catalog 

Save 
Hundreds 

of 
Dollars 

Professional equipment from famous manu-
facturers. Easy step by step illustrated instructions, 
no sDccial tools required. Save up to 7 5 % . T h i s 
handbook is a must for every homeowner and busi-
nessman. Just $1 cash, check or M.O. 

W r i t e W 1 J F T 

ALARM COMPONENT DISTRIBUTORS 
33 NEW HAVEN AVE., DEPT. HR 

MILFORD, CONN. 06460 

NEED CRYSTALS? 

We can supply crystals 
from 2KHz to 80 MHz in 
many types of holders. 

S P E C I A L S 

Color TV crystal (3579, 545KHJ) wire leads 
100 K H i frequency standard c r , s u l <MC 13/U I 
1000 KH i frequency Mandard (HC6/U! 
Any CB crystal, tram, or rec. 

(except # synthesize* crystals* 

Any amateur band crystjl in FT -243 holders 
le«cept 80 -160 meters) 

8 0 meter crystal* >n FT -243 holder* 

4 for 55.00 S I . 6 0 

4.50 

4.50 

2.50 

1.50 4 tor $5.00 

2.50 

M 
CRYSTALS 

We have in stock over sl» million crystals which 
Include types CRIA/ftR, FT243, FT241, MC7, HC6/U, 
HC13/U, HC25/U, ' IC18/U. etc. Send 10c for our 
1971 eatal09 with oscillator circuits, listing thousands 
of frequencies in stock tor immediate delivery, (Add 
10c per crystal (o Jbovr prices for shipment 1st class 
mail; 1 5 f each for air mail.) 

Special Quantity Prices to 
Jobbers and Dealers. 

O R D E R D I R E C T 
with check or money order 

to 

2400H Crystal Drive 
Fort Myers, Florida 33901 

ANTENNA 
MATCHING 

TRANSFORMERS 
-v 
I 

• 50 ohm co-ax to 50 ohm 
balanced load (for doublets 
& inverted vee's) $14.95 

• 50 ohm co-ax to 75 ohm balanced load (for 
doublets and quads) $14.95 

. 50 ohm co-ax to 75, 120, and 140 ohm load 
(for single feed three band quad) $18.95 

• Other impedance ratios available on request 
All units are rated at full legal power and 
shipped post paid. Calif, residents add 5% 
sales tax. 

H & H ENGINEERING 
P. O. Box 68, La Mirada, Calif. 90638 

offered in six basic models with up to 60 
channels for ship and shore applications. 

This two-in-one radio eliminates the 
need for a separate a-m radio by pro-
viding the equivalent talk power of 75 
watts when operating in its compatible 
a-m mode. The rated ssb output power of 
the RF-201M is 150 watts PEP, more 
than enough to provide highly depend-
able long-range ssb communications. 
Transistor circuitry is used in all but the 
power amplifier section to provide ultra-
high reliability with efficiency to keep 
power source drain low. Literature, 
further information and full specifica-
tions are available from National Sales, 
RF Communications, Inc., a subsidiary of 
Harr i s - I ntertype Corporation, 1680 
University Avenue, Rochester, New York 
14610, or use check-off on page 126. 

73 vertical, beam and 
triangle antennas 

This new book by Edward M. Noll, 
W3FQJ, describes 73 individual vertical 
and beam antennas, beginning with 
simple construction and progressing to 
more complex arrangements. All you 
need are telescoping masts, wires, insula-
tors, tubing, ingenuity and a desire to 
experiment. Each antenna described in 
this book was constructed by the author 
without assistance. 

Antenna types range from simple di-
poles, through verticals and yagis, to quad 
and triangle beams, and the topics are 
arranged in a sequential manner. The 
nccessary mathematics are included but 
no extensive knowledge is required to 
build the antennas described. Simple test 
instruments are shown which will enable 
you to optimize the designs and obtain 
maximum antenna performance. Many of 
these antennas compete with, and some 
surpass, the performance of commercial 
beams. 

160 pages, softbound. Published by 
Howard W. Sams & Co., Inc. $4.95 from 
Comtec Books, Box 592, Amherst, New 
Hampshire 03048. 
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time-standard receiver 

Standard's SR-C826M Transceiver 
• 12 Channels 14 suppliedI 
• 10 woff power output 
• Hot MOSFET receiver front end 
• Low drain—all silicon semiconductors 
• Full 6 month warranty 

Complete, ready-to-go! Connect power and 
antenna and you're on the air! Only $339.95 
SPECIAL CLOSEOUT: Standard SR-C806MA 
Earlier version of above, with very similar specs and 
same 6 month warranty . . . just discontinued 
Was $335.00; while they last only S265.00. 

Send OSL or circle number tor detailed brochure 

ERICKSON 
COMMUNICATIONS 
4657 North Ravenswood Avenue 
Chicago, III. 60640 (312) 334-3200 
o division of Corl E. Erickson Co 

Ignition Noise Suppression Kit 

M M M t e V M i f t M V t 
MOOtl >0 UNIVUSAt KIT (IIS Atl i CTl AM1KICAN CA«S 

LIMIItO 
S P E C I A L $ 2 4 . 9 5 

$55.00 VALUE | | 
Electronix Sales | 

• HAM • STEREO • C.B. • I; I 
23044 S. C R E H S H A W B L V D . § 

T O R R A N C E . C A L I F . S0505 • PHONE 12131 S34-4456 

A compact new receiver, the model 
STR-1 standard-time receiver, is now 
available from Caringella Electronics. The 
STR-1 receives continuous standard-time 
and standard-frequency broadcasts from 
WWV on 5, 10, and 15 MHz. Optional 
coverage is also available for Canadian 
standard-time broadcasts from CHU on 
7.335 and 14.670 MHz. 

Ideal for a number of applications, the 
receiver can be used by industrial labs, 
radio and television stations, two-way 
radio service centers, radio amateurs, 
astronomers, boating and sports car en-
thusiasts, as well as others interested in 
accurate time or frequency. 

Operation is simplified; only 
volume control with on-off switch 
the channel selector are found on 
front panel. You simply turn on 
receiver and select the frequency with the 
strongest signal; no need to hunt for the 
signal since each channel is crystal con-
trolled. A choice of three frequencies 
assures 24-hour reception anywhere in 
the United States. 

Sensivitity is 0.25 juV for 10 dB 
signal-plus-noise to noise. Dual-gate 
mosfets are used in the front end to 
achieve high sensitivity, low noise and 
good age characteristics. 

Ten transistors, two silicon diodes, one 
germanium diode and one zener diode are 
used in the circuit. The STR-1 operates 
from and ac line or from an internal 
12-volt battery. 

The STR-1 receiver is available in kit 

the 
and 
the 
the 
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5th EDITION 
Completely revised and enlarged 

REFERENCE DATA FOR 
RADIO ENGINEERS 

This is not a book for everyone. This 
famous handbook is primarily designed 
for the practicing engineer, but it also 
contains much information of great value 
to the technically serious amateur. 

The first edition of this extremely use-
ful reference work was developed in 1942 
by the English subsidiary of International 
Telephone and Telegraph Corporation as 
a 60-page brochure. Since that time, the 
demand for the first four volumes has re-
sulted in the distribution of over 350,000 
copies. The book serves as basic need, 
in one volume, of complete and com-
prehensive reference material including 
tables, formulas, standards, and circuit 
information. 

This latest edition of REFERENCE DATA 
FOR RADIO ENGINEERS is the result of 
five years revision and compilation by an 
extremely diverse group of practicing en-
gineers, professors, and industry and 
government experts. In addition to new 
data on all of the basic phases of radio 
and electronics, the 45 chapters contain 
material on seven subject areas not cov-
ered by the fourth edition, including 
microminiature electronics, space com-
munication, navigation aids, reliability and 
life testing, international telecommunica-
tion recommendations, switching networks 
and traffic concepts, and quantum elec-
tronics. This text is reinforced by literally 
hundreds of charts, nomographs, dia-
grams, curves, tables and illustrations. 

1196 pages 6-1/2 x 9-9/16 
$20.00 postpaid 

order from 

BOX 592 AMHERST, N. H. 03031 

96 E B october 1971 

form, complete with all parts and step-
by-step instructions. No test equipment is 
needed for alignment. Kit price is $74.95; 
factory wired and tested units are $94.95. 
A free data sheet, complete with tech-
nical specif ications and schematic 
diagram, is available on request. For 
further information contact Caringella 
Electronics, Inc., Post Office Box 327, 
Upland, California 91786, or use check-
off on page 126. 

surge voltage 
protectors 

t 

New power-type Fail-Safe gas-filled 
surge voltage protector tubes have been 
developed by Siemens to protect circuits 
and equipment against lightning, power 
surges and other transients. Fail-safe is a 
term used to describe the protector's 
ability to provide a permanent short 
when it is subjected to extraneous current 
exceeding its discharge capability. By 
shorting, the SVP prevents the transient 
from destroying equipment. Additional 
parts, such as special holders or heat-
sensitive components, are not required. 

In addition to being inherently fail-
safe, the Siemens S8-C350 tube has an 
ultrafast response time wi th a DC striking 
voltage of 200-400 volts, insulation resist-
ance greater than 101 0 ohm, 20,000 
amps rated discharge capability and capa-
citance less than 3 pF. A t extremely high 
surge currents of up to 50,000 amps, the 
SVPs still remain operative. Typical ap-
plications are protection of communica-
t ion lines, power lines, power supplies 
and instruments. For more information 
use check-off on page 126 or write to 
Siemens Corporation, 186 Wood Avenue 
South, Iselin, New Jersey 08830 and 
request product bulletin SCD-1170-S100. 
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A M P E R E X 
READOUT 

T U B E 
Brand new 
S3.00 ea. 
10/$25.00 

7 
R E A D O U T 
P A C K A G E 

$7.75 
T U B E 
7441 
7475 
7490 

N I X I E T U B E POWER S U P P L Y 
From used eqpmt, OK. 1L5V input, solid state. 

$4.95 

N I C A D C E L L S 34 A H $3.75 

M I N I A T U R E S W I T C H E S 
DPDT or S P D T $1.00 ea 
3PDT or 4PDT 1.25 ea 

H I FREQ T R A N S I S T O R S 2N2222 
• 30V * 1.8W Better than 2N706 400mc 

3 for $1.00 

640 W I R E D C O R E M E M O R Y $5.00 per frame 

C O M P U T O R K E Y B O A R D $30.00 
w/encoder diode matrix 

M A G N O S T R I C T I V E C O M P U T E R M E M O R Y 
Magnostrictive delay line good for appro*. 
7000 bit storage. Details included $25.00 

M O T O R O L A POWER T R A N S I S T O R 2N3448 
N P N S • PWR • 115 watt * 80 volt $1.50 

Please add postage for above items 
Send 251} for Surplus Catalog . . . 

JOHN MESHNA JR. ELECTRONICS 
P.O. Box 62 E. Lynn, Mass. 01904 

. M M nut 

h l r 

Radio Amateurs 
Reference Library 
of Maps and Atlas 

WORLD PREFIX MAP - Full color. 40 " x 28". shows 
prefixes on each country . . . DX zones, time zones, 
cities, cross referenced tables , postpaid $1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD - from the center of the United States! Full 
color, 30 " x 25" . listing Great Circle bearings in de-
grees for six major U.S. cities; Boston. Washington. 
D.C., Miami, Seattle. San Francisco & Los Angeles. 

postpaid $1.25 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color, 30 " x 25 " — includes Central America and the 
Caribbean to the equator, showing call areas, zone 
boundaries, prefixes and time zones. FCC frequency 
charl. plus informative information on each of the 50 
United States and other Countries postpaid $1.25 

WORLD ATLAS — Only atlas compiled for radio ama-
teurs. Packed with world-wide information — includes 
11 maps, in 4 colors with zone boundaries and coun-
try prefixes on each map. Also includes a polar pro-
jection map of the world plus a map of the Antarctica 
— a complete set of maps of the world. 20 pages. 
size 8 '/i" x 12" postpaid $2-00 

Complete reference library of maps — set of 4 as listed 
above postpaid$3.50 

See your favorite dealer or order direct. 

mfan for 
° m i 
BROCHURE! 

RAOIO AMATEUR 
l l b o o k INC. 

Den! f 925 Sherwood Drive 
H c Lake Bluff, III. 60044 

new motorola hep 
devices 

A total of 167 new solid-state devices 
have been added to Motorola's HEP 
semiconductor line, expanding the selec-
tion to 470 devices. The 1971 HEP 
introductions cover the full range of 
devices including light-emitting diodes 
(LEDs), phototransistors, standard TTL 
and complex function TTL integrated 
circuits, high threshold logic (HTL) ICs, 
diode-transistor logic (DTL) ICs. In 
addition, high-speed emitter coupled logic 
(ECL) and linear devices have been 
added. 

The diode end of the line has been 
expanded to include uhf hot-carrier 
diodes and voltage-variable capacitance 
tuning diodes, as well as 5- and 10-watt 
zener diodes. Other standard silicon 
transistors have also been added. 

For more information use check-off 
on page 126 or write to Motorola Semi-
conductor Products Division, Post Office 
Box 20912, Phoenix, Arizona 85036. 

toroid tank-circuit kit 

The new toroid tank-circuit kit avail-
able from Redline Electronics contains all 
the parts required to build a highly 
efficient, compact pi-network inductor. 
Three basic circuit designs are provided 
with each kit; you can use the design that 
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Many thousands of you have be-
come very fami l ia r wi th the vari-
ous Radio Society of Great Br i ta in 
books and handbooks, but very 
few of you are fami l iar wi th the i r 
excellent magazine, Radio Com-
munication. 

This is the oldest and most widely 
read Br i t ish amateur radio maga-
zine. Publ ished monthly it pro-
vides complete coverage inc lud ing 
such popular features as: Techni-
cal Topics, a monthly survey of 
the latest ideas and c i rcui ts, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construct ion art icles in addi-
t ion to a complete rundown on 
the month 's events in amateur 
radio. Surely a most interest ing 
addit ion to your amateur radio 
activi t ies. 

We can now offer this f ine maga-
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of thei r out-
going QSL Bureau) for $9 .60 a 
year. 

b o o k d i v i s i o n 

Box 592 • Amherst, New Hampshire 03031 

best fits your requirements for power and 
physical size. 

Design A is capable of handling 2 kW 
PEP; however, it should not be used if 1 
kW continuous key-down operation is 
contemplated. Design B is electrically 
similar to Design A. However, it has an 
outboard 20-meter coil to reduce ex-
cessive core heating. This configuration 
will handle key-down inputs of 1 kW for 
prolonged periods. 

Design C is capable of handling the 
greatest power (3 kW PEP) and is the 
most efficient design. An outboard coil is 
used for 10, 15 and 20 meters. The toroid 
is used on only 80 or 40. 

Al l circuits are designed to be used 
with tubes which operate at voltages 
between 3,000 and 1,800 Vdc at peak 
current up to 1 ampere. For higher 
voltages and lower currents tap positions 
wil l require adjustment. 

The no. 115 2-kW toroid ki t contains a 
special 2-inch toroid core, end spacers. 
Teflon sleeve and wire plus complete 
instructions; $16.95 from Redline Elec-
t ron ics , 3498 East Fulton Street, 
Columbus, Ohio 43227. Also available are 
a bifilar filament choke with 30-amp 
rating, catalog no. 421, priced at S7.95; 
and 1.5-amp plate rf choke (2.5 to 55 
MHz), catalog no. 417, priced at $6.95. 

base-station control 
extension 

The new XR-4 remote extension from 
Alpha Electronics is designed to enhance 
the efficiency and convenience of your 
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R I Z O N A S E M I C O N D U C T O R 
• Q U A l l t r C O M P O N E N T S -

INCANDESCENT 
R E A D O U T : 

B r i g h t , l o w c u r r e n t , 
5 v o l I o p e r a t i o n . 

M o y b e d r i v e n 
d i r e c t l y b y S N 7 4 4 7 N 
50 ,000 h o u r r a t i n g 

n s t r u c t i o n s , , , „ 
i n c l u d e d » 3 ' 0 

OECIDIGIT ~ 7 : 

Counter Building Block 
INCLUDES • 7-StCMENT DtCII 

S E M I - K I T S 
e v o n p r o j e c t s w i t h o I 
e l u d e " * 

only $ 8 . 9 5 
SN7447N OfCOOER DRIVER 
SN7490N OECADt COUNTER 
HOOKUP INSTRUCTIONS 

save b i g m o n e y 
S e m i - K i t ; includes o i l i n t e g r a t e d ! 
c i r c u i t s n e e d e d p l u s spec s h e e t s l 

no o t h e r p o r t s i n c l u d e d . ' 

F S — 1 FREQUENCY STANOARD 
( f e a t u r e d in N o v . 1968, Q S T I 

INCIUDES 
131 SN7490N $ , „ 4 9 

J 4 J L M C 8 4 5 P I Q — 
7 I C ' S T O T A l 
NEW CATALOG INCLUDES 

THREE NEW 
COMPLETE KITS 

POSTAGE PAID 
SPEC SHEETS INCLUDED 

PO BOX 112, GOODYEAR, ARIZ. 8 5 3 3 8 

OUR FREE CATALOG MAS f 
CIRCUITS AND NEW IDEAS T O O t 
S END 81 STAMP 

AMERICAN CRYSTAL CO. 
1623 Central Ave., Kansas City K S 6 6 1 0 2 , 9 1 3 - 3 4 2 - 5 4 9 3 

Mfg. Crystals for most communication Equip. 
Small Orders Acccpted 

For use In: • Crystal prices @ . 0 0 2 % 
TWO WAY . „ - 0 FUNDAMENTALS 
SCANNERS 2 to 14.9Mhz $5 .25 
MONITORS hmericaJ I S to 19.9Mhz 6 .10 
TRANSMITTERS I THIRD MODE 
C.B. SYNTHESIZERS i f 10 to 44 .9Mhz 5 .35 
REPEATERS U II 45 to 55 .9Mhz 6 .10 
SCANNERS (oper. 152 .50 to 163.50 M.C.) S5.00 
ELEMENT CRYSTALS . 0 0 5 % 

(channel freq. changed in an tamer's element> 15 .00 
C.B. (Class 0 Single channel) . 2 .75 
AMATEUR NOVICE, H C 6 / U 3 .00 
Extras: Oven use $1 .50 , Subminlature 2 5 f , .093 pins lOc1 

Postage Va crystals 2 ozs. each additional 1 / 3 crystals 1 oz. 
Wri te for quantity discount 

BRISTOL RADIO 
New England's Finest 

2 M • F M • H Q 
A L L M A K E S 

N E W & U S E D 

G L E N W 2 C X X / 1 

BRISTOL RADIO 
4 2 0 H O P E S T . , B R I S T O L , R . I . 0 2 8 0 9 

SALES SERVICE 

- T 1 - • 

PROGRAMMABLE - REPROGRAMMABLE!! 
• T l » K I N G o! Electronic K « y m 
• 20 Character R u d W r i u Memory 

• Every Coimitublr Feature . . . . 

EK-W2 S289.9S Complete. FOB Factory 

WRITE FOR BROCHURE 

Ho* « 0 » , MMOIMIK VMPW, Cihlimii - « I W I 

repeater system. The unit features center 
button push-to-talk handset, a choice of 
colors, automatic monitor of the tone 
function, transmit indicator light and 
volume control. In addition, the XR-4 
control extension is available with several 
options, including intercom system, 
m u l t i f r e q u e n c y switching, handset 
volume control and choice of microphone 
types. 

Of special interest is the provision 
that makes it possible to use the unit 
(with an add-on module) as a fully 
amplified remote on a telephone line. The 
XR-4 may be easily connected into any 
base station or dc remote through an 
8-conductor cable. Cable length is limited 
only by line loss and receiver or remote 
amplifier output power; distances greater 
than 300 feet are often achievable. 

The XR-4 base-station control exten-
sion is priced at $89.50 from Alpha 
Electronic Services, Inc., 8431 Monroe 
Avenue, Stanton, California 90680. For 
more information use check-off on page 
126. 

high-density 
plugboards 

mi 

Vector Electronic Company has just 
announced a new high-density Plugboard 
series for mounting DIPs and discrete 
components. The Plugboards are made 
from glass epoxy or phenolic and are 
punched with an overall grid of .042-inch 
diameter holes located on 0.1-inch 
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New Magazine: 
Not really. New in the U.S.A. perhaps, 

but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu-
sively construction material. Clearly writ-
ten, concise articles give you full details 
on: 

• Audio Construction Projects 
• Receiver Construction Projects 
• Transmitter Construction Projects 
• Test Equipment Projects 
• Radio Control Projects 

. . . and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION — $6.50 

Write 
RADIO CONSTRUCTOR 
Greenville, N. H. 03048 

Name 

Address 

City State 

Zip 

centers. The boards will accommodate 
any component with lead spacing on 
0.1-inch multiples. As a result, integrated 
circuit packages or sockets may be 
mounted in any required density. Dis-
crete components or hardware items such 
as test jacks and clips may be located 
anywhere on the board without fear of 
interfering with any pre-etched circuitry. 

The new boards are offered with a 
choice of etched nickle and gold-plated 
contacts, Elco Varicons or Vector edge 
pins. Along with the Plugboards Vector is 
also supplying mating receptacles with a 
choice of solder-eye termination or 
square posts for wrapped wire con-
nections. 

The company also makes a full line of 
other accessories for the cards including 
rack-mounted cages and module cases for 
housing the boards, IC sockets, and 
various types of terminals which will fit 
the boards. Pricing of the new Plugboards 
ranges from $6.00 to $8.00, depending 
upon the type of board. For more in-
formation, use check-off on page 126, or 
write to the Vector Electronic Company, 
1 2 4 6 0 Gladstone Avenue, Sylmar, 
California 91342. 

crystal cw filter 
The latest addition to the crystal-filter 

line offered by Spectrum International is 
the new K V G XL10M, a ten-pole 500-Hz 
CW filter with superb skirt selectivity. 
Near-Gaussian response to -6 dB elim-
inates ringing; built-in matching trans-
formers eliminate the need for external 
inductors. 

The center frequency of the new 
crystal filter is 9.0 MHz; bandwidth at -6 
dB is 500 Hz. Shape factor (6:60 dB) is 2. 
Insertion loss of the X L 1 0 M is 10 dB 
maximum; ultimate rejection is 80 dB 
minimum. The X L 1 0 M is priced at 
$59.95 from Spectrum International, 
Post Office Box 87, Topsfield, Massachu-
setts 01983. For more information on the 
X L 1 0 M as well as other crystal filters and 
crystal discriminators, use check-off on 
page 126. 
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Handbooks 
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H A N D B O O K 

TRANSISTOR SUBSTITUTION HANDBOOK 
(11th Edition) 

by the Howard W. Sams Engineering Staff. This 
updated guide lists over 100.000 substitutions. 
Tells how and when to use substitute transis-
tors. Also includes manufacturers recommen-
dations for using popular replacement transistor 
lines. Computer-compiled for accuracy. 160 
pages; 5'/2 x 8'/2; softbound. 

$2.25 Postpaid 

TUBE SUBSTITUTION HANDBOOK 
(14th Edition) 

by Howard W. Sams Engineering Staff. The 
most complete, up-to-date DIRECT tube substi-
tution guide available, including more than 
12,000 substitutions for all types of receiving 
tubes and picture tubes. Instructions accom-
panying each section guide the reader in 
making proper tube substitutions and explain 
how to cross-reference between sections for 
other substitutes. 96 pages; 5'/2 x 8'/2; soft-
bound. 

$1.75 Postpaid 

Order these useful books today 
from 

b o o k d i v i s i o n 

Box 592 • Amherst, New Hampshire 03031 

break-in cw system 
The new QSK MK II is a station 

control system that permits you to hear 
other stations between your transmitted 
dots and dashes at speeds up to 60 wpm. 
The unit can be used with virtually 
any exciter/power-amplifier and receiver 
combina t ion to provide high-speed 
antenna switching, exciter keying and 
receiver isolation. The QSK MK II will 
operate on all bands with no adjustment; 
the unit has been proven in traffic, 
contest and DX work. 

The 8-transistor, 9-diode timing and 
sequencing circuit assures cold switching 
of the vacuum relay (5-kW rating). The 
unit features negligible losses and includes 
a built-in 117-Vac power supply. $119.95 
from your dealer, or write to Dynamic 
Technology International, Inc., 8 Fellow-
ship Road, Cherry Hill, New Jersey 
08034. For more information use check-
off on page 126. 

communications 
receiver 

• 0 0 0 0 0 
. 6 i8N$_ o f ) 

The new Drake model DSR-1 receiver 
is a commercial grade communications 
receiver employing the most up-to-date 
solid-state devices and circuitry offering 
continuous coverage from 10 kHz to 30 
MHz. The received frequency is indicated 
by six Nixie tubes to 100 Hz. All fre-
quency injections are controlled by a 
phase-locked digital synthesizer which 
allows incremental frequency selection in 
10, 1 and 0.1 MHz steps. The remaining 
zero to 0.1 MHz is continuously adjust-
able from the front panel by a highly 
stable variable oscillator. Modular con-
struction on easily accessible printed-
circuit boards is used throughout. 

The large use of dual-gate mosfet 
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NOW! 
IS THE TIME 

to get a binder 
for your 1971 issues 

Don't lose them . . . 
Don't let them get 
dog-eared & dirty 

Only $3.95 each 
or 

3 for $10.00 

Also Bound Volumes for 
1969 & 1970 $14.95 each 

HAM RADIO MAGAZINE 
GREENVILLE, N. H. 03048 

transistors in the DSR-1 contributes to 
the receiver's superior intermodulation, 
avc, wide dynamic range and overload 
performance. The front panel controls 
allow the operator to select frequency, 
a-m or ssb product detector, i-f band-
width, af gain, bfo pitch, fast or slow avc, 
manual rf gain and the highly effective 
Drake series-gate noise blanker. Isb (inde-
pendent sideband) is a built-in feature of 
the DSR-1. Separate i-f crystal filter, i-f 
amplifier and audio output circuits allow 
two simultaneous communication chan-
nels to be used on one frequency assign-
ment, doubling the information receiving 
capacity. 

Consideration in the design of the 
Drake DSR-1 has been given to special 
customer requirements. Accessories and 
space have been reserved in the DSR-1 so 
that performance and operating modes to 
f i l l special customer needs can be accom-
modated. For more information use 
check-off on page 126, or write to the 
R. L. Drake Company, 540 Richard 
Street, Miamisburg, Ohio 45342. 

high-voltage 
solid-state rectifiers 

You can now replace a large selection 
of high-voltage mercury and vacuum tube 
rectifiers with Semtech's solid-state sili-
con-rectifier stacks. Designed to last the 
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LARGE STOCK OF CRYSTALS FOR 
H H - 2 ' s AND TMH SCANNERS 
HR-2 XHIT. XTAIS 85.50 
BB-2 RECEIVE XTALS 33.99 
TKR RECEIVE XTALS 85.99 

SHIPPING S .60 
ENTIRE REGENCT ABATEUR LIKE I S STOCK. WE SHIP 
PRE-PAID IN CONTINENTAL U . S . A . 
NEW! 
IMPROVED HF-l ' i ' iU PRE-AKF. SILVER PLATED EPOXT 
G U S S CIRCUIT BOARD. FILTER KIT AND B+ KIT. ALL 
MOUNT ON NEW CIRCUIT BOAHD WHICH I S SLIGHTLY 
SMALLER THAN ORIGINAL. THIS NEJf BOARD REPLACES 
ALL FORMES .EXCEPT MCTRAC. COMES WITH MOUNTING 
HARDWARE AN]) FEET. DESIGNED TO WORK WITH THE 
NEW SOLID STATE TRANCEIVERS AKB OLDER TUBE 
EQUIPMENT. K I T - S 1 1 . 5 0 WIRED-S16.50 S H I P . - 6 0 * 

jcs TOPEKA FM ENGINEERING . . , 
T F M E ^ ^ 1 8 t h T e r r a c e " — t ; ; . . 

T o p e k a , Kansas 6 6 6 0 ? 

ANNOUNCING A NEW DIGITAL KEYER 
Featuring , squeeze keying, dot-dash, memories, 
transistor and relay output, variable pitch keying 
monitor with built in spkr, regulated power 
supply, 8 I.C., 5 transistors, 5 diodes, handsome 
cabinet and a warranty that is unequaled. Logic 
board and power supply monitor board can be 
purchased separately. Send for brochure. 

BAKER & YVINNAY 
420 Maplewood Ave., Springfield, Pa. 19064 

IN DUAL-IN-LINE PACKAGES 
DIGITAL TTL 

7400 4-2 mpul NAND .35 7410 3-3 input NAND 35 
7402 4.2 mpul NOR .35 7420 2-4 mpul NATO 35 
7404 Hti Imeiter 39 7440 2-4 input Bulfrr 35 
7441 BCO-toOccni.il Drisdrr/Diiirr 2.00 
7442 BCO-lo-DKimat D««t<r 1 79 
7447 BCD.io-7-SesmeM OfCMler/OriVfr 1.79 
7451 2-2-widf 2-mput AND-OR-INVERT 35 
7454 1-4-wijf 2-input AND-OR-IWERT .35 

135 7472 JK MS Flip Flop 50 
7473 Dual JK Flip Flop .70 
7490 D«.ide Counter 1 40 
7493 4-Bit Binary Counter 
7495 4-Bit L-R 5h,li Requtcr 

7475 Qu.id Uicti 
7476 Dujl JK Flip Flop 80 
74107 Dual JK Flip Flip .75 

1 40 
1 50 

DIGITAL DTL 
930 2-4 input NAND ,35 933 2-4 input E m n d r r 35 
936 Ht* Inverter ,39 946 4-2 Input '(AND 35 
962 3-3 input NAND 35 9093 Dual JK Flip Flop 67 
945 RS/JK Clocked Flip Flop 50 

L INEAR IC's 
741C OP AMP compensated DIP: 83c T0-5 92,-
709C OP AMP DIP: 67r TO-5: 75c 
Discounts up to 25% mailable on large IC orders, Doiens 
of other p-irts available. Semi post card for taulofl Orders 
less thjn $10.00 add 50c post & h.mdlinr Abote 510.00 pod 

DIGI-KEY 
Bo* 126, Thief River Falls. Minnesota 56701 

1 CONNECTICUT HAMS 
Visit Roger Miner's Surplus Electronics, 246 
Naugatuck Ave., Milford, Conn. Ph. 877-0555. 
Nights 7 pm to 10 pm and all day Saturday. 
DRAKE TR-3 W/PS-$350. Collins 75S1 W/ 
NBR-$300. HEATHKIT SB-200-$165. SB-620-
$65. OP-1 Scope-$90. H.P. 460b Wideband 
amp.-$25, 210a Sq. W. Gen.-$15, 522b-$120. 
AMPEX FR-1100 Stereo tape rec.-$350. 4-
1000A Filament Trans 7.5 vac @ 42 amps, 
will run a pair-$30. Amp filament chokes 
3-30mcs 30 amps $9.50. Johnson 15 amp 
rotary ind. 27uh-$25. H IGH POWER HEAD-
QUARTERS IN THE NORTHEAST. C O M E IN 
A N D S E E US — K1DQV. 

'Jht tr^Vcuyet ^A I Uu£i — 

SURPLUS KLKCTKONICS COMPANY 
.'Hi KAlXIA-ritCh .SS KS'l E MII.I'DIIH. CdNNKI TlCr 

life of the equipment, Semtech's stacks 
are smaller, corona free, dissipate heat 
more effectively and eliminate filament 
power. No special adaptors are required. 

Most of the mercury and vacuum 
tubes used today are replaced every few 
months and are a constant source of 
irritation, down time and expense to the 
user. Semtech Stacks will replace such 
mercury rectifier tubes as 575A, 872A 
(pictured), 7014, 7018, 7019, 7019L, 
673, 816, 866A, 5558, 5561 and 8008. 
Vacuum rectifier replacements are 8020, 
5973, 2-450A, 576A, 6303 and 561. 

Transmitters, induction heating units, 
welding equipment, electrostatic paint 
units, and amateur radio gear use high-
voltage rectifiers. For more information 
write to Semtech Corporation, Newbury 
Park, California 91320, or use check-off 
on page 126. 

portable vhf-fm radio 

Aerotron, Inc. has announced the first 
of a series of shirt-pocket size, hand-held, 
two-way vhf-fm radio equipment. The 
new Aerotron " 6 0 0 " series is compact, 
durable and easily serviced. The unit 
features load and clear 1-watt audio for 
noisy environments, and is available in 
the frequency range of 146 to 174 MHz. 
Test jacks make possible all important 
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SPACE-AGE TV CAMERA KITS & PLANS 
8E A PIONEER IN HOC TELECASTING! Build your 
TV CAMERA. MoM X W \ fciei 0, $116,95 » SolUJ-
SlIHe. coiltnxtioi laaiyc!, Kitfl quality. 
Gnrwct} ta tnjf TV withovf ncdificQ!iai. IiJ«cT Ftr Kana, 
eipefiffwnJeri, erfucalicc, inijyitiy, ttc, 

PHONE or WRIT! for CATAIOG. 
DIAL «02-MK17n 

Marf cAw B.n, psrli end plan cvoiiablt include i«f!*f 
bin, ccili, vjditcn tube), coin, f-'c î, *re. 

i3oi moadway, wn ATV Research dakota city, nibr. mhi 
A N E W T R A N S M A T C H M O D E L U I I 

A New Universal lunsmakh Ii«ra I he ANTEC COMPANV 

• 80 linu 10, tm !DIJIII£ Jll WMtS • *«Hi .1M JM!ift!u-!c«Mlim' 
(MnJV. ,l!*)Vi' i.S Mlu. iMntmuhuis. 

• Hrt. f SttK 1 1, ,inv hi-,;tjr(i. v « *tM malt:!' dit^iUn, iju.uH, I-mih-.. 
• provides SOvO OHM rt'\nitv<' lr»3il .'(fM'-. '.sminm *m-\, vi'iiifjh.i'ti. 

• luBv tlu-lf-mlml. n-1TK' ill U.S.A. 
Wlilr (or drUilt lo: »"H I S (ppd, ipolmcnut U S.A.I 

AN I EC. COMPANY, INC. 
67 Briaicliffe Road, Buffalo. New Yoik 14225 Irl (7ii,i ai'-.^nn 

Solid stale RTTY terminal unit Model F S - 1 A . Completely 
wired and tested. Bui lt on a 5 " x 6 " printed circuit 
board we use top quality components throughout. This 
hot solid state unit features a 500Z input, tuned filters 
(standard mark and space freq. 2125, 2975 Hz or 2125, 
2295 Hz specify shift when ordering) reversing switch, 
output for scope monitoring, and drives selector magnet 
directly. Power requirements 12 VOC @ 65 M A . Factory 
warranty and repair service on all our models and kits 
Model F S - 1 A wired and tested . S39.95 

Povrer supply for above Model PS -1A Sol id S ta le regulated 
12V @ 1A. $14.95 
Teletype Paper for Model 15 & 19, 3 copy rolls. 

Box of 12 rolls S5.00 
Teletype Tape wide. Box 6 rolls S3.00 
Computer Tape V z " Magnetic Tape $1.25 per roll 
Nickel-Cad battery 1.4V @ 7.5 A m p Hr. 52.75 

S E N D FOR OUR L A T E S T CATALOGUE 1 0 ? 

BOB-FRANK ELECTRONICS 
407 RITTER ROAD 

HARRISBURG, PA. 17109 

ANNOUNCING 
TWO NEW FREQUENCY STANDARDS 

M a r k e r s o f 1 0 0 , 50, 2 5 , 10 a n d 5 K H z , s e l e c t e d 
b y f r o n t p a n e l s w i t c h . Z e r o a d j u s t f o r W W V 
c a l i b r a t i o n , h a n d s o m e c a b i n e t , l O O K H z c r y s t a l 
i n c l u d e d a n d a s i x m o n t h w a r r a n t y . M o d e l 100 -
5 P C , p o r t a b l e ( b a t t e r y o p e r a t e d ) l e s s b a t t e r i e s . 
M o d e l 1 0 0 - 5 P S f o r f i x e d s t a t i o n u s e ( p o w e r l i ne 
o p e r a t e d ) . $ 2 8 . 9 5 e a c h P P D . W r i t e f o r b r o c h u r e . 

BAKER & WINNAY 
420 Maptewood Ave., Springfield, Pa. 19054 

DON'T MISS 
Pages 

95 & 118 

measurements such as rf power output, 
deviation, frequency, receiver sensitivity, 
audio output and distortion without the 
need to open the case. 

The " 600 " series features high fre-
quency crystal-lattice filtering pioneered 
by Aerotron in the land-mobile services, 
and is housed in a sturdy case. The 
transmitter section is available in power 
output levels of 100 milliwatts, 1.8 watts 
and 5.0 watts. Options include con-
tinuous-tone squelch, multifrequency 
capability (up to six channels) and 
industry-compatible continuous-tone 
squelch. For further details use check-off 
on page 126 or write to Aerotron, Inc., 
Post Office Box 6527, Raleigh, North 
Carolina 27608. 

universal transmatch 

The UT-1 Transmatch announced by 
the Antec Company is designed to 
operate from 80 through 10 meters, 
providing an swr of 1:1 at any frequency. 
Power handling capability of this new 
antenna tuner is 2,000 watts PEP. With a 
UT-1 in the transmission line, harmonics 
from your transmitter are suppressed an 
additional 25 dB; the average signal-to-
noise ratio of your receiver is improved 
by 5 dB because of the additional tuning 
at the front end. 

The UT-1 is easily switched from one 
band to another, and will provide a 50- or 
70-ohm resistive load to your transmitter 
at any frequency from 80 through 10. 
The UT-1 can be used with any type 
transmission line, coaxial or balanced, 
and is guaranteed for one year. Priced at 
$94.95 from Antec Company, 67 Briar-
cliffe Road, Buffalo, New York, 14225, 
or use check-off on page 126. 
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a second 
u-1 

look fisk 
The editor of a technically oriented mag-
azine like ham radio wears several hats. I 
could use this whole page to describe the 
details that require attention to keep the 
magazine running smoothly, but I'd like 
to talk for a moment about one very 
important editorial task that means the 
difference between an interesting, ac-
curate technical magazine, and one that 
isn't. 

The articles in ham radio are written 
by authors not unlike you, the reader. 
They range from enthusiastic hams who 
want to share an idea, to fellows with en-
gineering backgrounds (who also want to 
share an idea). I welcome the output of 
anyone who is interested in contributing 
something which will benefit all hams. 

Budding authors often ask, "What 
kind of articles are you looking for?" 

That question is difficult to answer 
since many new manuscripts arrive every 
day, but generally speaking, I am looking 
for simple construction projects that the 
average reader can put together in one or 
two weekends. Larger construction pro-
jects are also welcome, but the average 
ham radio reader must split his leisure 
time between amateur radio and other 
interests, so he doesn't have time to build 
a Chinese copy of a complex piece of 
gear. 

When I read an article contributed to 
ham radio, the first thing I look for is in-
terest value. If the manuscript passes this 
test, the next thing I look for is technical 
accuracy and attention to detail. 

The contributed article doesn't have to 
be a literary masterpiece. If you have a 
good idea; if it's well documented; if the 
illustrations and technical discussion are 
clear and accurate - you may have a 
winner! 

Don't feel too badly if your article is 

not accepted. Since we publish about 
twelve feature articles in every issue, to 
keep the production pipeline full, we pur-
chase that same number of new manu-
scripts each month. This keeps the article 
backlog to a minimum and insures that 
the fare served up in each issue of ham 
radio represents the latest possible infor-
mation on any given subject. 

During an average month I receive 
about 45 or 50 new manuscripts. At 
some point during the month I sit down 
and go through each of the articles, re-
jecting those that are clearly not usable 
in ham radio; this narrows the stack of 
manuscripts down to 25 or so. 

Now comes the most difficult part — 
deciding which of those remaining 25 
articles are most desirable. Articles that 
are too long or need more polishing are 
returned to the author with suggestions 
for rewriting the article to our standards. 
The remaining material is further screen-
ed for technical accuracy and reader 
interest; this process continues, with com-
ments from the staff (and sometimes, 
arguments), until we have decided upon 
the articles which will be published in 
ham radio. 

If you prefer to read ham radio, rather 
than write for it, you can help by telling 
me the kind of article you like. If you 
have a pet project in mind, or an old 
project that could be updated with tran-
sistors or ICs, let me know about it; I'll 
pass the idea along to one of our regular 
contributors. 

We are continually trying to improve 
ham radio, but we can only do that suc-
cessfully if we hear from you, the reader, 
so keep those cards and letters coming in. 

Jim Fisk, W1DTY 
editor 
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There seems to be a never ending dis-
cussion among both amateurs and those 
who cater to the amateur fraternity with 
goods and services as to whether or not 
amateur radio is growing. Most of the 
conclusions recently have been rather 
negative. 

However, an interesting new twist has 
recently been introduced into arguments 
about this growth, or lack of it. 

If you look at the total operator li-
cense figures from the FCC, they show a 
virtually stable figure since 1965, al-
though growth was relatively constant 
until that time. 

Does this mean that our ranks are not 
growing any longer? A number of people 
will disagree with this idea. Remember 
that, in 1964 a $4.00 fee was introduced 
for all but Novice licenses, while in 1969 
this fee was increased to $9.00. 

Unquestionably, there are former li-
censees who had been continually renew-
ing their ticket when it came up for 
renewal every 5 years even though they 
never used it. If it was free — why not? 
The four-dollar fee probably dropped 
some of these people while the nine-
dollar license stopped a good many more. 

As these former licensees drop out, we 
are not losing active amateurs. They were 
amateurs in name only, but the new 

6 E E november 1971 

licensees who have come along to replace 
them are far more apt to put that shiny 
new ticket to work on the air. 

Thus, the argument can logically be 
made that although the total of licenses 
outstanding has not grown, the actual 
number of active on-the-air amateurs has 
continued to increase. 

This is a hard theory to prove or dis-
prove because there have been many 
changes in our operating habits in the last 
ten years. Sideband has virtually replaced 
a-m on most high-frequency phone allo-
cations, thus, permitting greater use of 
these frequencies. The explosive growth 
of vhf fm has also absorbed much activ-
ity in previously seldom-used portions of 
the amateur spectrum. Therefore, you 
cannot easily evaluate activity just by lis-
tening on our bands. We are using them 
more efficiently and are making room for 
added activity without necessarily having 
greater crowding (except possibly in a 
good pile-up on 20 meters). 

The answer to the problem of growth 
is not found as simply as this editorial 
might imply, but it does show that am-
ateur radio may be doing a good deal 
better than some people think. 

Skip Tenney, W1NLB 
publisher 
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In the past, amateur radio operators have 
devoted a lot of effort to making it easier 
to send perfect (or near perfect) CW 
signals. These efforts have progressed 
from the straight manual hand key to the 
semiautomatic bug, the electronic keyers, 
and finally, to the keyboard sender.1 

However, reception has been left to the 
ability of the human operator. 

There have been a few techniques 
devised to aid the receiving operator, but 
most of these have been used to copy 
high-speed machine-sent Morse. One tech-
nique produces an inked recording of the 
high-speed CW transmission; the record-
ing is fed through a photocell arrange-
ment at greatly reduced speed to produce 
an audible tone that is translated by a 
human operator. Magnetic tape may be 
used in much the same way, but a human 
operator must still be used to translate 
the radiotelegraphic signals into the 
written word. 

The idea of automatically translating 
and transcribing Morse code without a 
human operator is not new. Some time 
ago researchers at the Massachusetts Insti-
tute of Technology used a digital com-
puter to recognize hand-sent Morse char-
acters.2 The computer program designed 
for this task was called MAUDE for 
Morse Automatic Decoder. 
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In the MAUDE program each mark 
and space was assigned a number that 
represented its duration. Then a sliding-
wiridow algorithm was used by the com-
puter to identify the types of spaces and 
types of mark signals. The program pro-
vided for continuous adjustment based on 
the last six elements of each type; this 
resulted in automatic tracking of varia-
tions in hand-sent radiotelegraph signals. 
With this approach misinterpretation 
occured only about once in 10,000 times. 

Although the MIT studies showed the 
feasibility of automatically translating 
hand-sent Morse code, unfortunately, the 
average radio amateur does not have his 
own digital computer for such activity. 

automatic fist follower 
The most practical and economic ap-

proach to automatic translation of Morse 
code would be to design a special purpose 
computer just for this function. The 
automatic fist follower (AFF) described 
in this article is just such a device. 
Although it uses an entirely different 
algorithm for its operation, it performs 
nearly as well as the MIT MAUDE com-
puter system. 

The automatic fist follower was origin-
ally conceived after reading Horowitz's 
article on the keyboard CW sender. How-
ever, we had to wait for the advent of 
inexpensive integrated circuits to make it 
technically practical and economically 
feasible for the amateur. 

The automatic fist follower. 

Nevertheless, the design was quite a 
challenge, and previous experience with 
computer logic design didn't hurt a bit. 
The ICs used in the A F F were scrounged 
from castoff vendor's samples and surplus 
computer circuit-boards. The discrete 
parts — transistors, diodes, resistors, capa-
citors — came from the junk box. The 
one item which had to be purchased new 
at considerable expense was the strip 
printer. 

The automatic fist follower takes the 
audio output of a communications re-
ceiver that is tuned to a radiotelegraphic 
signal and translates it into letters, nu-
merals, special symbols and spaces which 
are transcribed onto a paper tape by a 
strip printer. 

The A F F will accept any code speed 
between 5 and 60 wpm. It would be a 
simple matter to extend the range to 300 
wpm (the maximum speed of the strip 
printer) by increasing the frequency of 
the AFF's internal clock. However, in 
order to use a fairly large time constant in 
the signal filter to obtain good noise 
rejection the limit was set at 60 wpm. 

The automatic fist follower will auto-
matically track any reasonable variations 
in sending speed, dot length, dash length, 
weight, etc. In many cases it will track 
sending variations that are beyond the 
reception capability of a good human 
operator. All the operator has to do is 
tune in the sending station, set the 
approximate wpm control on the A F F 
and sit back and read the copy coming on 
the printer. 

basic detection theory 
Before discussing the functional block 

diagram of the automatic fist follower, it 
is desirable to explain the theory behind 
the detection of widely varying dots, 
dashes and spaces with which the AFF 
must cope. Of course, the easiest task for 
the A F F would be the reception of 
machine-sent Morse code, since this 
would be nearly perfect and free from 
variation with strict adherence to the 
standard definitions of dot length, dash 
length, element space, character space 
and word space. For example, if a dot is 
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taken as a unit length, the standard 
definitions prescribe a length of 3 units 
for a dash, 1 unit for an element space, 3 
units for a character space and 7 units for 
a word space. 

Human operators roughly approximate 
perfect code; some operators deviate so 
far no one can interpret most of what 
they send. A convenient way of describ-
ing variations from perfect code is by a 

Likewise, the number of clock pulses 
which occur in the interval between mark 
signals are counted. The frequency (wpm) 
control on the A F F is initially set so that 
most of the dots give a mark count of 6. 
The operator is assisted in this adjustment 
by the dot indicator light which flashes 
quite consistently when the setting is 
correct. 

The typical dot will give a count of 6, 

fig. I . Block diagram of the automatic Morse code translator and transcriber. 

parameter called weight. Weight is de-
fined as dot length divided by dot length 
plus element-space length. Perfect code 
has a weight of 50%: 

weight = — = — - — = 50% 
dot + space 1 +1 

Light code has weight less than 50%; 
heavy code has weight greater than 50%. 

The A F F uses a sampling technique to 
determine whether it is receiving a dot, a 
dash or a space element. Both the mark 
(dot or dash) and space (interval between 
marks) are sampled with a series of clock 
pulses. The number of clock pulses which 
occur during the mark signal are counted. 

the typical dash a count of 18, the 
element space a count of 6, the character 
space a count of 18 and the word space a 
count of 42 (more if the last word was 
transmitted). These counts may vary by a 
large margin and still be recognized by 
the A F F . Any mark count between 1 and 
12 is recognized as a dot. A mark count 
of 13 or more is treated as a dash. A 
space count between 1 and 12 is an 
element space, a count between 13 and 
30 is a character space and any count of 
31 or more is treated as a word space. 

It is interesting to calculate the weight 
value limits which can be received and 
properly interpreted by the A F F . The 
lightest code it can handle is a dot length 
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of 1 count and an element space length of 
12 counts, resulting in: 

1 1 
weight = = 7.7% 

1 + 12 13 

The heaviest code the AFF can handle 
is a dot length of 12 and an element space 
length of 1, resulting in: 

12 12 
weight = = = 92.3% 

1 2 + 1 13 

However, the AFF's automatic-fre-
quency-control circuits wil l allow even 
greater variations in sending character-
istics than this to be recognized. If the 
dot length varies from a 6-clock pulse 
count, a dot length error condition is 
detected and the frequency is auto-
matically adjusted in a direction to bring 
the clock pulse count back to 6. There-
fore, the AFF follows gradual changes in 
sending speed and wil l actually track the 
sender's fist through a wide range of 
variations. 

theory of operation 
The audio output from a communica-

tions receiver is fed into a limiter/clipper 
(see fig. 1). The radiotelegraph signal is 
shaped, and in successive circuits it is 
filtered and amplified so that it is suitable 
to trigger the keying circuit. The output 
of the keying circuit, which follows the 
on-off characteristics of the original 
signal, is synchronized with the AFF 
clock by the mark synchronizer. 

The synchronized mark signal is used 
to control the start and duration of a 
count in the mark duration counter. This 
counter effectively counts clock pulses 
throughout the duration of the mark 
signal. A t the end of the mark signal the 
count is terminated and a decision is 
made by the dot dash decode circuit as to 
whether the element is a dot or a dash. 
The appropriate indication is stored in 
the first stage of either the dot or dash 
multiplexer, and the mark duration 
counter is reset. 

Each multiplexer is a five-stage shift 
register which performs the basic func-

tion of serial-to-parallel conversion. In 
other words, each element (dot or dash) 
of the character is successively stored in 
the multiplexer unti l all of the character 
has been received. Alt of the character 
elements are then available for translation 
prior to printout. 

In addition, at the end of the mark 
signal, the space detector turns on the 
space duration counter which counts 
clock pulses throughout the duration of 
the space {i.e., until either the next mark 
signal begins, or unti l the counter has 
reached its maximum count, signifying a 
word space). A t the completion of the 
space interval, the count is terminated 
and a decision is made by the character 
and word space decode circuits as to 
whether an element space, character 
space or word space has occurred. 

If an element space is detected the 
mark duration counter again counts clock 
pulses during the next mark signal, and 
the space duration counter is reset. If a 
character space is detected the timing 
control circuit causes the dot/dash data in 
the multiplexer to be transferred to the 
Morse character holding register through 
the character transfer logic. The multi-
plexers are then reset for the next 
character. 

If a word space is subsequently de-
tected the timing control causes a space 
to be transferred to the Morse character 
holding register. In either case the next 

SSO . . . 5SO . . . SSO . . . 
I wonder what that means? 
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mark signal causes the space duration 
counter to be reset. 

As long as only element spaces are 
detected the dot/dash data continues to 
be shifted into successive stages of the 
dot/dash multiplexers. It takes the detec-
tion of a character space to cause the 
transfer of this accumulated data into the 
Morse character holding register. 

Once the character is in the Morse 
character holding register the timing con-
trol supplies a character-ready signal B 
which activates the Morse/ASCII code- -
translator. This translates the Morse ^ 
representation of the character into the | 
corresponding ASCII* representation ^ 
which is used by the strip printer. The ^ 
actual character passing under the print 
hammer is followed by the ASCI I char-
acter code generator which is a counter 
that is sychronized with the positions of 
the characters on the print wheel. When 
the character under the print hammer 
corresponds to the translated Morse char-
acter the timing control activates the 
print hammer, thereby impressing the 
character on a paper strip located 

* A S C I I is the American Standard Code for 
Information Interchange. This is an eight-level 
code that is commonly used in computer 
printout devices and some teleprinters. 

between the hammer and the wheel. The 
paper then moves to the next position for 
the next character. The Morse character 
holding register retains the old character 
until a new character is transferred into it. 

FREQUENCY RANGE (Hz) 
fig. 3. Bandpass characteristic of the 800-Hz 
active filter in fig. 2. 

automatic frequency control 
During the detection of dot informa-

tion the dot error circuit indicates when-
ever a recognized dot element deviates 

]CUPP£R/UMITER] I ACTIVE FILTER] \AMPLIFIER\ I KEYERI 

R9 RIO 
*SV IS* lOt *!2V +SV 
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from a perfect dot length of 6 counts. 
This error indication, in conjunction with 
the up/down circuit, causes the automatic 
rate control counter to either increase or 
decrease its count depending on the 

the A F F circuits efficiently imitate the 
performance of a human operator. 

Although many single-stage circuits 
have been designed for audio frequency 
filters their overall performance is not 

\OSC)LLATOfi] I BUFFER ) [ OUTPUT DRIVE \ 

fig. 4. Sidetone generator. Suitable integrated circuits are Motorola SC2631, Tl 16223 or Sylvania 
SG-220-07. 

magnitude and direction of the dot error. 
The output of this counter is transformed 
into an analog signal by the analog error 
generator. This signal alters the A F F 
clock rate through the frequency control 
circuit so a dot generates a count of 6 in 
the mark duration counter. With this 
automatic following feature it is possible 
to track gradually changing sending 
speeds, up and down, to the limits of the 
clock frequency variation. 

keying circuits 
To translate radiotelegraphic signals 

with an automatic system the electronic 
circuits must be designed to perform the 
same elementary functions as a human 
operator to extract intelligence from the 
dot-and-dash impulses. It is a unique 
ability of the human ear and mind to 
concentrate on a desired CW signal and 
ignore static and interference.3 

Although the circuits used in the A F F 
do not give complete immunity to static 
they do a good job of ignoring intruding 
voice and CW signals. With static down as 
little as 6 dB from the desired CW signal 

optimum for the AFF . The circuit in fig. 
2 uses five stages to provide the needed 
functions of selecting the desired signal 
over a wide range of input signals (0.2 
volts to 100 volts rms) along with the 
required frequency selectivity of less than 
10 Hz to 1 kHz. Since complete theory of 
operation can be found in any textbook 
on selective audio filters only the general 
operation will be considered here. 

circuit operation 
Capacitor C1 blocks dc voltage from 

the input transistor Q1 yet allows the 
audio frequencies normal to amateur re-
ceivers to pass through. Diodes CR1 and 
CR2, along with resistor R1 clip and limit 
the input signals to G1 between about 
-0.7 to +1.4 volts; R2 and Q1 biased on. 
All input signals cause the collector of Q1 
to swing from near zero to +5 volts to 
provide constant-level signals to drive the 
800-Hz center-frequency active filter. 

Resistors R5 and R6 adjust the signal 
level (and bandwidth) to the base circuit 
of Q2. All signals at the base of Q2 are 
inverted 180° by Q2. Phase-shift elements 
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C3, C4, C5, R13 and R14 cause an 
additional shift of 180°; this signal is fed 
in phase with the input signal to the base 
of Q2, causing the circuit to oscillate. 
Signals not at the filter's operating fre-
quency are out of phase and will not 
cause oscillation. 

Transistors Q3 and Q4 amplify the low 

generated by this circuit drives the ampli-
fier transistors in the speaker circuit. 

mark synchronizer 

The mark synchronizer (fig. 5) is 
merely a JK flip-flop which synchronizes 
the input signal from the keyer with the 
internal clock of the AFF. Synchroniza-

fig. 6. Mark duration counter and dot/dash decoder. 

level output signal from the filter, shaping 
and squaring it to drive the keying de-
tector diode CR3. The detector circuit 
has a charge time constant of about five 
milliseconds, requiring around five cycles 
of operation from the active filter before 
the base of transistor Q5 can be biased 
on. This provides some immunity to 
static. 

side-tone monitor 

The side-tone generator (fig. 4) con-
sists of a quadruple two-input positive 
TTL NAND gate driving two transistors. 
Three sections of the IC are connected as 
a three-stage ring oscillator; the fourth 
gate is used to invert the keying circuit 
which is grounded when keyed. Timing is 
controlled by the 10,000-ohm pot and 
the 1.5-/iF capacitor. The squarewave 

INPUT MARK SIGNAL 
O 

SYNCHRONIZED 
MARK •O 

fig. 5. Mark synchronizer circuit. 

tion is necessary to assure proper sub-
sequent timing relationship within the 
AFF. 

When the input mark signal goes posi-
tive the trailing edge of the next clock 
pulse sets the flip-flop to the one state. 
The flip-flop remains in this state until 
the input mark signal goes back to zero. 
At this time the trailing edge of the 
following clock pulse resets the flip-flop 
to zero. Thus, the flip-flop follows the 
input mark signal in synchronization with 
the AFF clock. 

mark duration counter 

Four JK flip-flops are used to form a 
sequential binary counter (fig. 6). This 
counter is used to count the number of 
AFF clock pulses which occur during the 
presence of a synchronized mark signal; 
the total count is indicative of mark 
signal duration. 

When the synchronized mark signal 
goes positive the trailing edge of each 
successive clock pulse causes stages D1 
through D4 to count up. When, and if, 
the counter reaches a count of 13 (D4, 
D3, D2, D1 = 1101>, the output of g a t e d 
goes to zero and freezes the counter at 
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this total. The counter is reset when the 
mark signal goes back to zero and after a 
decision is made as to whether the total 
count represents a dot or a dash. 

You may recall that any mark count 
up to and including 12 is detected as a 
dot. Any count of 13 or more (always 
represented by a counter state of 13) is 

whether the previous mark signal is a dot 
or a dash a shift pulse is generated and 
stores this indication by storing a one in 
flip-flop T1 if a dot and in flip-flop H1 if 
a dash. If the next mark signal is part of 
the same character the following shift 
pulse stores this indication in T1 or H1 as 
appropriate. At the same time it shifts the 

[DOT MULTIPLEXER] 

FPASH UULTIPLEX£R\ 

fig. 7. Dot and dash multiplexer circuits. 

detected as a dash. The adjustable oscil-
lator is initially set so a typical dot will 
give a count of six. 

Note that when the binary counter has 
terminated its count the output of gate 
G1 (when positive) indicates a dot. The 
output of inverter N1 (when positive) 
indicates a dash. 

dot and dash multiplexers 
When a dot/dash decision has been 

made by gate G1 and inverter N1 at the 
conclusion of a mark count some means 
must be provided to remember this de-
cision. This is accomplished in the case of 
a dot by the dot multiplexer; in the case 
of a dash the dash multiplexer is used. 
Each of these multiplexers consists of a 
5-stage shift register composed of JK 
flip-flops (see fig. 7). 

After the decision is made as to 

previous indications in T1 and H i into T2 
and H2, respectively. Likewise, the pre-
vious indications in T2, H2 are shifted 
into T3 , H3; those into T4, H4, and into 
T5, H5. 

Up to five successive dot/dash char-
acter elements can be stored in the 
multiplexers. If a character is composed 
of six elements (e.g., the special symbols), 
the first element is shifted out of T5, H5 
and lost at the time that the sixth and last 
element is shifted into T1, H1. However, 
the special symbols can still be decoded 
since a chopped-off five element represen-
tation of them can be uniquely identified. 

A flip-flop is capable of representing 
two states and could therefore represent 
either a dot or a dash. However, there are 
actually three states to be represented: 
dot, dash and null (neither). As an ex-
ample, suppose that a Morse code " W " is 
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fig. 8. Character transfer logic ( CTL ) and Morse character holding register ( M C H R ) . 

stored in the multiplexers. In the dot 
multiplexer T1 is zero (reset), T2 is zero, 
T3 is one (set), T4 is zero and T5 is zero. 
In the dash multiplexer H1 is one, H2 is 
one, H3 is zero, H4 is zero and H5 is zero. 
This is interpreted as follows: 

null is stored in stage 5 since both T5 
and H5 are zero (reset) 

null is stored in stage 4 since T4 and 
H4 are zero 

dot is stored in stage 3 since T3 is one 
(set) and H3 is zero 

dash is stored in stage 2 since T2 is 
zero and H2 is one 

dash is stored in stage 1 since T1 is 
zero and H1 is one 

(Stage 1 always contains the last element 
of the Morse character.) Note that it is 
not permitted to set both flip-flops in the 
same stage (such asT1 = 1 and H1 = 1) since 
that would mean that the same element 
was indentified as both a dot and a dash. 
The dot/dash multiplexers are cleared 
after their data is transferred to the Morse 
character holding register upon the occur-
rence of a character space. 

morse character holding register 
There are five stages comprising the 

character transfer logic and Morse char-
acter holding register (fig. 8). This illus-
tration shows a typical stage (in this case, 
stage 1) made up of a portion of the 
character-transfer logic (CTL!) and a 
three-stage latch (MCHR1) which holds 
element number 1 from the dot-dash 
multiplexers. 

When a character space is detected the 
transfer-character pulse is generated 
which transfers the dot-dash data in the 
multiplexers to the Morse character hold-
ing register. The multiplexers are then 
cleared so they are ready to receive the 
next character. The MCHR holds the 
character until it can be translated and 
printed out. 

It can be seen from fig. 8 that if T1 
(dot indication) is present at the time of 
the transfer character pulse the CTL1 
circuit causes the set dot-1 output to go 
negative, causing MCHR1 to latch in the 
dot-1 state. That is, the dot-1 output goes 
positive while the dash-1 and null-1 out-
puts go negative. Similarly, if H1 (dash 
indication) is present during the transfer 
pulse, MCHR1 latches in the dash-1 state. 
If neither T1 nor H1 is present during the 
transfer pulse, MCHR 1 latches in the 
null-1 state. 
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fig. 9. Space detector. 

The outputs of MCHR1, together with 
the outputs of the other four stages of 
the Morse character holding register, are 
connected to the input of the diode 
matrix which performs the Morse to 
ASCII character translation. This must be 
done to get the character in a form 
suitable for printout. 

space detector 
The space detector (fig. 9) is a flip-flop 

that is set at the beginning of each 
interval between marks and reset at the 
beginning of the next mark if this mark 
occurs before a word-space is detected. If 
not, the space detector is reset upon the 
detection of the word-space. 

Flip-flop SD is initially in a reset state. 

If the mark duration counter has any 
count in it the output of gate G2 is 
positive. At the completion of the mark 
signal sync mark goes positive enabling 
the set side of flip-flop SD. On the next 
clock pulse SD is set. The flip-flop will 
remain set (signifying a space condition) 
until the output of gate G3 goes high. 
This is caused either by the occurrence of 
a new sync mark signal or the detection 
of a word-space. If either of these condi-
tions should occur flip-flop SD is reset on 
the next clock pulse. This signifies the 
end of the space interval. 

space duration counter 
The space duration counter (fig. 10) is 

a 5-stage serial binary counter composed 
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space. This indication is also sent to the 
timing control logic where a transfer-char-
acter pulse is formed, and later, a step-
paper signal to the printer. The word-
space signal is also instrumental in clear-
ing the space detector and the space 
duration counter. 
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trigger. 
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of JK flip-flops. It counts clock pulses 
during the period that the space flip-flop 
is in a set state. This counter is reset 
either at the beginning of the next mark, 
or upon the detection of a word-space. 
Note that whenever a sync mark signal 
occurs it inhibits the input gates of the 
first stage (SI) of the counter. At the 
same time the clear-space-count signal is 
formed to clear the counter. 

The character space decoder (gate G4 
and inverter N2) detects the occurrence 
of a count of 13 in the counter. A t this 
time the output of inverter N2 goes 
positive to indicate a character space. 
This indication is sent to the timing 
control logic where a transfer-character 
pulse is formed, and later, a print pulse. 

The word-space decoder (gate G5) 
detects the occurrence of a count of 31 in 
the counter. The output of gate G5 goes 
negative at this time to indicate a word-

The master oscillator and automatic 
frequency control circuit in fig. 12 pro-
vides the clock signal for the AFF. This 
circuit was designed to maintain the mark 
count of 6 as the speed of the operator 
changed to track the sending operator. 

The outputs from rate-control flip-
flops F1QSVA, B, C and D in fig. 11 
drive the summing gate transistors Q1, 
Q2, Q3 and Q4. As these transistors turn 
on (or off) resistor R16 (82k), R17 
(39k), R18 (20k) and R19 (10k) are 
connected (or disconnected) across shunt 
resistor R20. Resistors R5, R6 and R20 
form a network that controls the current 
into the base of the current-charging 
transistor Q5. Unijunction transistor Q6, 
current generator Q5 and capacitor C1 
form a relaxation oscillator which con-
trols the basic frequency of the clock. 

The rate at which the voltage across 
capacitor C1 rises is a function of the 
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fig. 12. Adjustable oscillator and automatic frequency control circuit, inputs to Q1, Q2, Q3 and Q4 
are from automatic rate-control counter in fig. I 7. 

current generated by Q5 and the time 
required until Q6 fires at about 6.5 volts. 
This master clock signal controls the 
pulse-shaping single-shot multivibrator 
(Q7 and Q8) which generate a one micro-
second clock pulse. 

As the mark duration counter counts 
the clock pulses a feedback control signal 
is sent to the rate-control flip-flops (fig. 
11) and updates the stored count if the 
dot length is more or less than the ideal 
six count; if it is six counts no change is 
made. 

The value in this counter controls the 

summing network current and the clock 
frequency so a count of six is maintained 
in the mark generator. Since the control 
circuits in the automatic rate control 
counter will not respond to a dash signal 
(count over 13) the wpm rate changes 
only in relation to the average dot length. 

translator 

The heart of the automatic fist fol-
lower lies in its Morse/ASCI I translator; 
this circuit is nothing more than a diode 
matrix network which compares the de-
sired Morse code character with that of 
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fig. 13. Morse code/ASCII translator matrix. 
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fig. 14. Print single shot 
is adjustable from 3 to 
SO milliseconds; set to 
40 milliseconds. 
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the corresponding letter on a print wheel. 
The position of any given character on 
this print wheel is detected by comparing, 
in a diode matrix, the value of the octal 
address generator with that of the desired 
character. 

The operation of one compare line will 
be described with the aid of fig. 13. The 
eleven diodes in fig. 13 are connected in a 
logic A N D circuit. Five are connected 
into the Morse code character detect 
circuit; six diodes are connected to the 
ASCI I address generator. Forty-eight such 
circuits are connected as OR logic circuits 
to AND with CR13 to generate the 
compare signal. 

This compare signal {the result of all 
diodes in one line being at +5 volts) starts 
the hammer drive circuit. Only one of 64 
combinations will be true at any one time 
for those diodes (CR6 through CR11) 

connected to the ASCI I code generator. 
The generator is nothing more than six 
flip-flops connected to count from zero 
to 63 and repeat. 

As the ASCI I generator counts, it 
searches for those diodes which are at +5 
volts. Since all diodes are at +5 volts at 
compare time, the compare line goes to 
+5 volts (through R1) and starts the 
hammer circuit. The received and de-
coded Morse code character comes in to 
diodes CR1 through CR5. As each new 
character is decoded by the A F F it is 
printed out through this translator. 

print single-shot 
The print single-shot (fig. 14) is a 

two-stage transistor circuit whose timing 
is enabled with a positive input trigger 
pulse applied to diode C R I . The positive 
pulse, from the Morse code translator 

fig. 15. Hammer delay circuit. All diodes are 1N914s except C R 5 which is a 1 N4000. 

CIRCUIT CIRCUIT 
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fig. 16. Paper-step control. Diodes C R 1 1 through C R 1 4 are type 1 N 4 0 0 0 . Integrated circuits Z 1 5 , 
Z 1 6 , and 2 1 7 are Sylvania type S F 2 0 0 - 0 8 . Diodes C R 6 through C R 1 0 are 1N914s. 

(character and word-space detector) logic, 
triggers transistor Q1 on. With Q1's col-
lector clamped to ground, capacitor C I 
starts to discharge through resistors R5 
and R6. The rate of discharge is deter-
mined by their time constant. With the 
base of transistor Q2 below ground, a 
positive voltage is applied from the col-
lector of Q2 through R3, C R 3 and C R 4 
to the base of transistor Q1, keeping Q1 
turned on until the charge across C I 
decreases to a level that allows transistor 
Q2 to turn on. 

This action occurs each time a char-
acter is formed. R6, the timing resistor, is 
set to give a 40-millisecond pulse output 
from Q2. This drives the Morse code to 
ASCI I diode compare matrix. It is during 
this time that the print wheel will com-
plete one revolution, allowing the desired 
Morse character to be synchronized with 
the comparing A S C I I character on the 
print wheel. 

print control 
Control of the mechanical functions 

within the printing mechanism requires 
very precise timing signals. Three single-
shot circuits were developed for con-
trolling this basic timing. Single-shot cir-
cuits of standard design include two or 
more stages for each timing function; this 
circuit (fig. 15) uses five stages to gener-
ate the three separate timing signals. 

The first section of the timing circuit 
allows time for the print wheel to 
synchronize the desired character (em-
bossed on the face of the rotating print 
wheel) with the print hammer impact 
interval. The compare signal from the 
Morse code/ASCII translator signals the 
approach of the desired character toward 
the hammer impact point. 

A positive pulse at diode CR1 turns on 
transistor Q15; this clamps one end of 
capacitor C1 to ground and starts the 
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timing cycle for R3, R4 and C1. The 
cycle ends when C1 charges and allows 
transistor Q 1 6 to return to the on state in 
approximately 450 microseconds. 

The end of that timing cycle causes C2 

stepping motor and control the direction 
of rotation, one step for each input 
trigger. Transistors Q15, Q16, Q17, Q18 
and Q19 through Q22 serve only as 
current amplifiers. Fig. 17 shows a func-

MORSE COOE 

fig. 17. Block diagram of the basic strip printer. 

to be clamped to ground by the collector 
of Q16, which starts the hammer on drive 
signal. The output pulse from Q17 drives 
not only transistor Q19, but also starts 
the delay time for the stepping-motor 
trigger. 

At the time when Q17 was positive, 
transistor Q 1 3 was biased on, and capaci-
tor C3 was discharging through diode 
CR10. Upon the termination of the print 
hammer pulse transistor Q13 is switched 
off, allowing R16 to drive current into 
the base of transistor Q14. Transistor 
Q14 is normally biased off by R17 
holding its base to ground. When Q14 
turns on, a fast negative-going pulse is 
generated to trigger the JK flip-flop Z15 
in the step-motor control circuit which 
advances the paper tape. 

The step motor is controlled by three 
JK flip-flops, Z15, Z16, Z17 (see % 16). 
The four control states are: 1010, 1001, 
0101 and 0110. These control states 
enable the field currents within the 

tional block diagram of the basic strip 
printer and control. 

construction 
The photograph shows an overall view 

of the four circuit breadboards with the 
strip printer in the foreground. Nearly 
any method of construction can be used 
as long as the interconnecting wires are 
not over one foot long. This is because 
the T T L logic chips are very fast and 
noise would trigger them. 

The first board has all of the A F F 
logic and those transistors and com-
ponents which make up the master oscil-
lator and automatic rate control. 

The second board holds the auxiliary 
lamp display. This is not needed for 
operation of the A F F logic and was used 
as a display until the printout control was 
designed. 

The third board holds the electronic 
circuits required by the printer. The 
fourth board contains the diode compare 
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circuits. Not much can be said about the 
matrix diode board except that it's awk-
ward, takes a lot of room, and we wish it 
wasn't needed. 

During construction, there is one point 
that you should be aware of: use care in 
the ground and voltage supply lines. They 
must be short. Number 24 awg was used 
on the prototype with bypass capacitors 
(1.5 /iF disc) every six inches or so. 

adjustment 
Operation of your receiver with the 

AFF is not unlike its normal operation in 
the CW mode. The only special considera-
tion is that the audio beat note produced 
by the desired CW signal must fall within 
the bandpass of the 800-Hz active filter. 

With the prototype unit tests showed 
that with 200-Hz bandwidth tuning on a 
Drake TR-4 was nice and smooth, 
allowed good QRM rejection yet received 
CW speeds up to 100 wpm without 
dropping data due to frequency rolloff. 

The only other requirement is that the 
receiver's output level be at least 0.2 volts 
rms and above the noise level to trigger 
the active filter. 

Operation of the AFF's logic is per-
haps the easiest of all. You have only to 
tune in a CW signal, set the run/calibra-
tion switch to calibrate, adjust the rate 
control unti l the dot lamp starts to flash, 
then turn the switch back to run. 

This technique should have you re-
ceiving automatic Morse code with the 
drudgeries left to the AFF machine. You 
can sit back and read the copy. 

Even with the automatic tracking 
ability of the machine there is always 
some guy with a lead foot — a lid who 
can do things with Morse code even old 
man Morse did not know about. You 
don't have to give up; simply go to 
manual operation (calibrate position) and 
ride the rate control t i l l the copy is clear. 
The dot lamp may not always light, due 
to the idiosyncrasies of this type of 
sending, but the copy should be readable. 

We put a sign over our machine which 
reads, "This machine cannot think! It can 
copy Morse code." 

The results of several months of on-
the-air operation with the AFF were very 
enlightening. Machine-sent Morse code, 
even at speeds exceeding 100 wpm, was 
duck soup for the AFF. Surprisingly, 
even quite poor hand-sent Morse code 
was copied almost solidly due to the 
automatic tracking feature of the un i t 

The major cause of errors was due to 
signal fading below the noise level or 
extremely strong interference right on 
top of the signal. This pointed up the 
extreme importance of the shaper, filter 
and keyer sections in the front end. More 
time was spent arriving at the optimum 
design for this area than any other por-
tion. The bandpass was narrowed as much 
as possible while still allowing fairly high 
speed code to pass through the filter. 

Limiting the maximum code speed to 
about 60 wpm is reasonable for amateur 
use and allows a sharp narrowband filter. 
However, the prototype AFF has an 
adjustable bandpass circuit that allows 
reception of very high speed code when 
desired. 

The AFF was built with the fairly 
expensive high-speed transistor-transis-
tor-logic (T2 L) integrated circuits because 
they were readily avai/ab/e. However, 
these are not necessary; the lower cost, 
low-speed ICs are ideal for this applica-
tion since they are less susceptible to 
noise and less critical in operation. The 
same logic functions are available in these 
low-cost circuits, so substitution is quite 
straight forward. 

The AFF prototype performs very 
well. It is a simple step from here to a low-
cost version. In addition, the output 
interface can be adapted to a teleprinter 
or visual display. The age of ICs and 
automation is truly with us and it is 
starting to have considerable impact on 
amateur communications. 

references 
1. P. Horowitz, W2QYW, "Perfect Code at 
Your Fingertips," QST, August, 1965, page 11. 
2. Selfridge and Neisser, "Pattern Recognition," 
Scientific American, August, 1960. 
3. P. Laakmann, WB610M, "S erial Detection 
and Communication in the Presence of White 
Noise," ham radio, February, 1969, page 16. 
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432-MHz 
corner-reflector 

antenna 

This miniature 

7-dB antenna 

may be used 

by apartment dwellers, 

or as a reference 

for antenna 

measuring 

Here is a small 432-MHz antenna which 
will suit the needs of apartment dwelling 
amateurs or those who want a standard 
gain reference antenna. This 7-dB antenna 
makes a nice portable window unit as 
well as an excellent comparision antenna 
for larger arrays. 

Antenna contests have shown that 
many complex arrays (both amateur and 
commercial) do not perform as expected. 
This is due in part to the fact that many 
gain measurements are made via E- and 
H-plane pattern integration that assume a 
lossless structure. This is often not true 

^ because the structures are lossy. In ad-
dition, directivity is a prerequisite for 

•co gain but gain is not required for direc-
jo tivity. Since the corner reflector de-
£ scribed here is simple and foolproof it 
-a will provide a good reference for large 
£ arrays. 
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fig. 1. Construction details for the driven dipole element of the 432-MHz corner reflector antenna. 
Reflector is built from commercial uhf-tv antenna. 

the reflector 
The corner reflector is a modified JFD 

uhf television antenna which is priced at 

J 
Driven dipole assembly. 

around $5.00. Start modifying the an-
tenna by removing the U-bolt and saddle 
clamps; dril l out the rivet which holds the 
bow-tie assembly in place. Discard the 
bow-tie and replace it with the driven 
dipole described in fig. 1. The original 
bow-tie wil l not function properly at 432 
MHz. 

For a completely collapsible antenna, 
dri l l out the spring-loaded rivets which 
hold the reflector panels to the back bar 
and replace them with 8-32 screws and 
wing nuts. 

driven dipole 

The driven dipole consists of a coaxial 
line (Phelps-Dodge 0.141-inch semirigid 
l ine"), a balancer and a dipole. A variety 
of connectors for the semirigid line are 
available f rom Phelps Dodge Corporation; 

•Phelps Dodge Communications Corporation, 
60 Dodge Avenue, North Haven, Connecticut 
06473. 
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the one recommended here is a B N C 
female type PDM 952-001. If you don't 
want to purchase a special connector, you 
can make one out of a BNC type 
UG-88/U connector by making a bushing 
which will adapt 0.141-inch line to the 

fig. 2. First step in preparing semi-rigid 
coaxial line is to score the outer con-
ductor with a sharp knife. 

parts carefully with fine sandpaper or 
steel wool and apply flux before soldering. 
Do not use a torch; the excessive heat 
may cause the Teflon to expand and 
burst the outer conductor of the semi-
rigid line. 

magm'-V 
fig. 3. Break the outer conductor by 
grasping the end with pliers and rocking 
it back and forth. 

rear nut and soldering it in place. 
The driven dipole parts should be 

soldered with a 250-watt iron. Clean the 

Corner reflect or attached to window-
mounting bracket. 

A few hints are in order for working 
with the semirigid coaxial line. This cable 
may be prepared by scoring the outer 
conductor with a sharp knife (see fig. 2). 
When the score is complete, grasp the end 
lightly with a pair of pliers and rock from 
side to side (see fig. 3). This separates the 
outer conductor from the Teflon di-
electric. Now the outer conductor may be 
removed. Carefully score the Teflon (do 
not nick the center conductor) and 
remove it to expose the center conductor 
(see fig. 4). 

performance 
This antenna will deliver approxi-

mately 7 dB gain over a dipole. This 
design should yield a vswr of 1.2:1 or less 
if the dipole is carefully constructed. The 
0.141-inch semirigid line will handle 200 
watts of rf output power quite easily. For 
higher powers (500 to 600 watts) use 
0.250-inch semirigid coaxial line. 

radiation hazard 

The potential hazards of rf radiation 
should always be considered when work-
ing in close proximity to vhf and uhf 
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antennas. In general, it is good practice 
not to stand directly in front of any 
vhf-uhf antenna excited with 10 watts or 
more of rf. At these frequencies the rf 
energy causes thermal heating of body 
tissue which may have undesirable effects 

fig. 4. Score the Teflon dielectric and remove. 
Be careful not to nick the center conductor. 

on body organs, notably the eyes. Since 
rf radiation effects are dependent on the 
average power dissipated by the tissue, 
a-m and fm are potentially worse than 
CW or ssb. This is due to the continuous 
high-level carrier associated with a-m and 
fm. 

With 100 watts of rf delivered to this 
antenna, the field strength 6 feet in front 
of the antenna is well below the 10 
mW/cm2 safety standard commonly ac-
cepted in America. Radiation off the 
sides and back of the antenna is less than 
0.1 mW/cm2. (These measurements were 
conducted with a calibrated power meter 
and a Narda microwave radiation moni-
tor, model B86B3.) 

The antenna may be mounted out a 
window and swung from side to side 
without any signif icant rf field concentra-
tion in the building. The window brace 
shown in fig. 5 is useful for mounting the 
antenna in an apartment window. 

reference antenna 
Amateurs who want to use this an-

tenna as a reference might wonder why 
you would use a gain antenna as a 

reference instead of a dipole. This is 
because of the serious errors often intro-
duced with a dipole reference because the 
dipole is prone to picking up reflections 
from the back, as well as ground reflec-
tions from the front. 

In many cases the comparison antenna 
can be made to look like a champ or a 
dud by simply moving the reference 
dipole two or three feet in one direction 
or another so that reflections are arriving 
in or out of phase. Therefore, a reference 
antenna with some gain and a single 
major lobe is desirable. It eliminates 
back-lobe contributions so the major re-
flections which effect the antenna are the 
forward ground type; the effects of these 
may be determined by moving the an-
tenna in the vertical plane. 

In general, measurements with respect 
to this type of reference antenna are a 
good deal more consistent than those 
made with respect to a dipole. Since the 
amateur is not usually concerned with the 
absolute gain of his system but rather 
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fig. S. Window mounting blocks are made from 
W aluminum bar stock. Mounting rods are 
3/8" aluminum tubing, 2-feet long. Complete 
installation requires 2 mounting blocks and 3 
rods. 

whether he has made an improvement or 
not, consistency in the measurement 
technique is most desirable. 

In conclusion I would like to extend 
my thanks to Ted Miller of Phelps Dodge 
for his cooperation. I would also like to 
acknowledge R. Knadle, K2RIW, for his 
help and comments. 

ham radio 
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miniature 

microphone preamplifier 
with age 

An integrated-circuit 

speech preamplifier 

that features 

nearly constant output 

with large variations 

in speech input 
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For many applications it is convenient to 
be able to reduce the dynamic range of an 
audio signal. The modulation depth of a 
transmitter is best kept quite high; a 
constant value of modulating signal is 
useful to prevent overmodulation. Also, if 
speech is being taped at low tape speeds 
too low a signal will result in a poor 
signal-to-noise ratio; too large a signal will 
produce distortion. 

This article describes a speech ampli-
fier system with age which will provide an 
rms output stable within 2 dB for nearly 
40 dB input range. The circuit uses two 
integrated circuits and only ten discrete 
components, and occupies a printed cir-
cu i t measuring only 2 2 x 4 7 mm 
(0.8 x 1.8 inch) on which there is also 
room for a miniature microphone. 

A n ideal speech age system must adapt 
quickly to an input level and follow a 
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fig. 1. Internal circuit diagram of the Plessey SL620C age generator. 

fading signal but remember its level if 
speech suddenly stops as it does in pauses 
between words. However, if the pause 
becomes too long the system must 
quickly revert to full gain. 

' • •" "v.-.."1 

age generator 
The Plessey SL620C age generator* 

meets the requirements detailed above 
and will also produce short pulses of age 
to suppress short noise bursts while 
remembering the age level at which it was 
operating when the noise burst first 
arrived. A circuit diagram of theSL620C 
is shown in fig. 1; its response to a 
varying audio signal is plotted in fig. 2. 
Capacitors C1, C2 and C3 are connected 
externally. 

Circuit operation is as follows: the 
incoming signal is amplified by an af 
amplifier using transistors Q1 to Q4; its 

"Plessey integrated circuits may be purchased 
from Plessey Electronics Corporation, 170 Finn 
Court, Farmingdale, Long Island, New York 
11735. 
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fig. 3. Circuit diagram of the Plessey SL630C audio amplifier. 
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fig. 2. Response curves for the SL620C. 

dc level is shifted by Q5 and applied to 
two detectors, Q14 and Q15. These 
detectors charge C2 and 0 2 respectively. 
Capacitor C1 has a short charge and 
discharge time constant; C2 has a longer 
one. Both of these capacitors drive a dc 
output amplifier (Q16 to Q20); this dc 
output amplifier is connected so that 
whichever capacitor has the larger 
potential controls the output. 

If both C1 and C2 have the same 
charge, a slight offset ensures that C2 will 
control the output. Thus, the incoming 
signal will quickly establish an age output 
via Q14 and more slowly establish a 
charge across C2 via Q15. 

If sufficient signals are present at the 
input to the SL620C the trigger circuit 
(transistors Q6 to Q8) will operate to 
provide a fast discharge path for C2 via 
Q10 and Q13. This allows the input signal 
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EXTERNAL 
CAPACITOR 

to fade up to 20 dB per second and still 
be tracked by the age. However, if the 
input signals are too small the trigger 
stops operating and C2 is not discharged. 
This enables the age signal to remember 
its original level during pauses in speech. 

After a long pause capacitor C3, which 
is charged by the trigger circuit via Q9, 
will discharge and allow Q12 to conduct, 
rapidly discharging C2 and allowing the 
age signal to drop, thus restoring full gain 
to the controlled amplifier. If a burst of 
noise occurs the short time-constant 
system consisting of Q14 and C1 will 
briefly control the system to reduce its 
level. 

audio amplifier 

The Plessey SL630C audio amplifier 
circuit is illustrated in fig. 3. In addition 
to its age connection (pin 8) it has a mute 
terminal (pin 7) and a reference (pin 9) 
which is used in conjunction with a linear 

potentiometer to provide logarithmic 
volume control when manual gain control 
is required. This is shown in fig. 4. The 
amplifier is muted when the mute 

• O+GV 

fig. 4. Practical circuit for using the SL630C as 
an amplifier with manual gain control. 
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terminal is grounded. With mute control 
two or more S L630C devices may be 
connected to a common output without 
extra loading as long as all but one are 
muted at any one time. 

The S L 6 3 0 C audio amplifier has an 
internal 20-pF capacitor which provides 
6-dB per octave rolloff above 800 kHz. 
However, in norma/ operation this 
capacitor is shunted by an external 

generator. If this happens low-frequency 
feedback will occur and low-frequency 
oscillation or motorboating will take 
place. This will not occur if the indicated 
component values are used for C4, C5 
and R1. 

The age amplifier is built on the 
miniature printed-circuit board shown in 
fig. 6. To use this board the smallest 
possible components must be used. When 

C1 ,C6 47-piF. 6-volt, subminiature tanta lum C5 0.47-f iF , 35-voit, submin iature tan-
ta lum 

C2 .C3 100-MF, 6-volt, e lectro lyt ic c 8 0.0022-/ iF , submin iature ceramic 

C4 .C7 4.7-/LIF, 10-volt, submin iature tan- R 1 ISO-ohm, 1/8-watt 
ta lum R2 220-ohm, 1/8-watt 

fig. 5. Practical speech preamplifier circuit features wide dynamic range. Output is 80 m V rmi, 

capacitor (connected between pins 3 and 
4) to provide a lower frequency 3-dB 
point at a frequency defined by the 
formula 

c = 
27Tf 

where C is in pF and f is the frequency in 
Hz. 

age amplifier 

The complete audio age amplifier is 
shown in fig. 5. Since the S L 6 3 0 C has 
some gain between the age input point 
and the output, care must be taken so 
low-frequency signals from the S L 6 3 0 C 
do not reach the input of the S L 6 2 0 C age 

prepar ing the printed-circuit board 
particular care must be used because the 
conductor widths and separations are 
very small. 

Except for the power supply and 
output connections, all holes in the 
printed-circuit board should be 1/32 inch. 
The holes for the power supply and 
output terminals should be the correct 
size for the terminals you use. All solder-
ing should be done as quickly as possible 
with a small soldering iron and fine 
rosin-core solder. Before you install the 
ICs, pin 7 of the S L 6 2 0 C and pins 7 and 
9 of the S L 6 3 0 C should be cut off as 
close to the can as possible. These pins 
are not used. 
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Before connecting the age speech 
amplifier to a power supply double check 
that all devices are properly connected 
and have the correct polarity. Also check 
to see that there are no solder bridges 
between the conductors of the circuit 
board. The power supply should be 6 
volts ±0.5 volt. If you use a battery 
connect a 500-mF decoupling capacitor 
across it. 

t6V UIC 

OUTPUT 

fig. 6. Full-size layout of miniature 
printed-circuit board for the speech pre-
amplifier. 

operation 
The finished age amplifier system 

should deliver about 80 mV rms for a 
wide range of inputs. The microphone I 
used, a microminiature Knowles Elec-
tronics type 1590 which measures only 
4 x 6 x 8 mm, is mounted on the circuit 
board. The complete unit is small enough 
to mount easily in a small microphone 
case. M i c r o p h o n e s w i t h o u t p u t 
impedances below about 5k ohms and 
output of a few millivolts or more may be 
used with this preamplifier. 

If single-ended input is required, it 
should be connected between ground and 
pin 5 of the SL630C through a capacitor 
not larger than 1 [*F. In this case pin 6 
should be left open. However, this 
arrangement is not recommended because 
instablity can result. 

To test the age preamplifier use an ac 
voltmeter (vtvm or oscilloscope) and an 
audio oscillator to check that output 
remains constant as input is varied. Other-
wise, you can connect a pair of head-
phones to the output and alternately 
shout and whisper into the microphone 
while an assistant in another room listens 
for changes in volume. 

ham radio 

Reception 
the moment 
of truth for 
all systems 
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ly. H o t Dipped Galvanized 
Af te r Fabrication. 
Available for immediate 
delivery. 

i-'i i 'Si 
$ 4 1 3 . 1 ° 

Send for complete 
informat ion to : 

L 

r i - l x , 
TOWER CORP. 

7 1 8 2 Rasmussen Avenue 
Visalia, California 9 3 2 7 7 
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tunable 
vhf fm 

receiver 

This tunable 

vhf fm receiver 

is based 

on the use of 

surplus building 

blocks 
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The tunable fm receiver described in this 
article provides good vhf fm reception by 
simply adding a suitable converter. The 
basic tuning range of the receiver is 8 to 
16 MHz. Therefore, the overall tuning 
range with a 2-meter converter is 142 to 
150 MHz, and with a 6-meter converter, 
48 to 56 MHz. With the addition of 
a vhf converter, the 8- to 16-MHz 
tuning range becomes the first i-f; the 
second i-f is at 455 kHz. 

The sensitivity of the receiver is 0.6 
microvolt for 20-dB quieting (first i-f) 
and 0.35 microvolt for 20-dB quieting 
(with the 2-meter converter). Image re-
jection is more than 70 dB (with the 
2-meter converter). 

Some of the optional features of this 
tunable vhf fm receiver are carrier-
operated relay (COR), deviation meter, 
relative carrier meter, crystal control and 
automatic frequency control (afc). 

construction 
The tunable fm receiver is fairly easy 

to put together since it consists of com-
mercially built and tested units as shown 
in fig. 1. As I am interested in 2-meter 
fm, I use an Ameco CN-144 converter 
ahead of the tuning unit. 

The 8- to 16-MHz tuning unit is a 
tuning drawer from a surplus AN/FRR-49 
series receiver made by TMC. The original 
receiver was also known as the AN/FRR-
502. Several different tuning drawers are 
available for this receiver; a list of the 
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more useful units for amateur use is given 
in table 1. These are available on the 
surplus market. In addition, a large num-
ber were released to Navy M A R S a few 
years ago. 

The tuning drawers consist of two 
tunable rf amplifiers, a mixer and oscilla-
tor. A reactance tube is included in the 
oscillator circuit for afc. The oscillator 
may also be crystal controlled. These 
features, including a crystal socket, are 
available on the front panel of the tuning 
drawer. 

In the original receiver the main 
F R R - 4 9 chassis contained the power 
supply, 455-kHz i-f amplifier and audio 
circuits. The main chassis is known as the 
F R R - 2 or R -5007/FRR-502. If you have 
patience you can find mating connectors 
for the tuning drawers on the surplus 
market; if you 're in a hurry they can be 
purchased from an industrial electronics 
d i s t r i b u t o r — C a n n o n part number 
DPD-1204-34P. 

The i-f strip used in the tunable fm 
receiver described here was originally part 
of a Motorola L 0 4 A B uhf base-station 
receiver. The actual i-f strip I used is a 
Motorola uhf type TA -183 designed for 

table 1. F F R tuning units most suitable for 
amateur use. 

frequency tuning alternate 
range unit part no. 

2 .0— 4 . 0 M H z F F R D - 5 T N - 5 0 1 0 / F R R - 5 0 2 

4 . 0 — 8.0 MHz F F R D - 6 T N - 5 0 1 1 / F R R-502 

8 .0— 16.0 MHz F F R D - 7 T N - 5 0 1 2 / F R R-502 

1 6 . 0 — 3 2 . 0 M H z F F R D - 8 T N - 5 0 1 4 / F R R - 5 0 2 

transmitters. A carrier-operated relay is 
used to operate a signal lamp or key a 
tape recorder for logging; this circuit is 
the standard Motorola type. 

The relative carrier meter simply reads 
the first-limiter grid current. The devia-
tion meter consists of an amplifier/buffer 

fig. 2. Deviation meter for the 
tunable fm receiver. 

fig. 1. Block diagram of the tunable vhf fm receiver. 

service in the 404- to 420 -MHz range. For 
my use I removed the rf sections, mixer, 
first and second i-f stages and local-
oscillator chain from the chassis. This left 
only the audio, squelch and third i-f at 
455-kHz. Since the circuit included a 
455-kHz bandpass filter this was included 
in my finished receiver. 

A few items were added during assem-
bly including a zero-center microammeter 
to allow comparison of stations on 
channel. Another microammeter is used 
to indicate relative carrier strength, and a 
deviation meter is helpful in setting up fm 

and meter driver shown in fig. 2. Dis-
criminator response was plotted by using 
a signal generator, frequency counter and 
vtvm. A 1-kHz tone was then inserted at 
an appropriate level (taken from the 
response curve) and the meter trim 
potentiometer adjusted for proper meter 
indication. 

Although I didn't use the afc provision 
it is available if you want to use it. In 
some cases you may find that the correc-
tion voltage from the discriminator has 
the reverse sense. In this event reverse the 
connections to the plates of the dis-

*Complete schematic diagrams of the FFRD-7 
tuning head, Motorola TA-183 i-f/audio system 
and power supply are available for $.25 from 
ham radio magazine, Greenville, New Hamp-
shire 03048. 
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criminator tube or use an IC operational 
amplifier as an inverter. 

The power supply for the tunable fm 
receiver was designed around an old tv 
power transformer. The B+ supplies for 
the various receiver sections were tailored 

vhf converters 
Since 2 meters is my primary interest, I 

used an Ameco CN-144 converter ahead 
of the 8- to 16-MHz tuning drawer. The 
converter was set up for output at 10 to 

Top view of tunable vhf fm receiver shows surplus tuning drawer to left. Modified Motorola TA-183 
i-f strip is at rear. Power supply is next to the front panel on the right. 

to the requirements. The i-f strip requires 
200 volts at 70 mA and 6.3 Vac at 2 
amps; the surplus tuning drawer requires 
250 volts at about 20 mA, 150 volts 
regulated at 30 mA and 6.3 Vac at 1.4 
amp. The Ameco two-meter converter 
needs 100 to 125 volts at 25 mA and 6.3 
Vac at 0.9 amp. 

FREQUENCY (xHi) 

fig. 3. Discriminator response of 
the Motorola T A - 1 8 3 i-f strip. 

14 MHz. The rf gain control on the 
converter was adjusted to the point where 
first-limiter grid current just started to 
increase: overall sensitivity of the receiver 
was 0.35 microvolt for 20-dB quieting at 
147-MHz input. 

summary 
There are many variations to the basic 

receiver discussed here. It is especially 
nice to be able to use existing items from 
around the station to build a useful, 
quality performer as described here. I 
have found this tunable receiver to be 
very useful in setting up my station fm 
equipment and netting it to frequencies 
used in my home area. In addition, I can 
monitor any channel I want without 
disturbing my regular fm equipment or 
spending the money for an additional 
crystal. 

ham radio 
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six-meter 
conversion of the 

Heathkit SB200 
linear amplifier 

The SB200 

can be converted 

into a 

high-efficiency linear 

for 50-MHz 

in less than § 

two hours 

Most 50-MHz conversions of high-fre-
quency rf power amplifiers involve modi-
fications to the existing tank circuit. In 
most cases the number of turns on the 
10-meter coil is reduced so the circuit will 
tune in the 50-MHz range. The 6-meter 
Heath SB200 conversion described here 
uses a tank circuit that is designed specifi-
cally for 6 meters. This provides maxi-
mum plate-tank circuit efficiency through 
the use of optimum L/C ratios, constant 
load to the exciter and maximum tuning 
ease. 

design parameters 
This six-meter conversion was based 

on two essential ground rules: nothing 
was to be done that would change the 
front panel, and the unit must be left in 
such a condition after the conversion that 
it could be easily restored to its original 
condition. Both of these aims have been 
realized. 
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Only three items must be purchased 
for this conversion: two pi-network 
tuning capacitors and 16-inches of copper 
tubing. The complete conversion can be 
completed in about two hours and re-
quires no special tools. 

step-by-step conversion 
1. Remove the amplifier from the en-

closure and remove the top shield 
cover. 

2. Remove the two T160/572B power 
tubes and store in a safe place. 

3. Unsolder both parasitic suppressors 
(PC1 and PC2) from the 1000 pF 
blocking capacitor (C24). Remove 
one turn from each suppressor and 
place aside. Unsolder the lead from 
plate choke RFC1 to C24. 

4. Unsolder and carefully remove L7 
(10-, 15- and 20-meter coil). Be care-
ful not to break the switch connec-
tions on wafer B of the bandswitch. 

5. Unsolder the connections from L6 
(80- and 40-meter coil) to wafer A 
and B of the bandswitch. L6 may be 
left in the rf compartment if you 
wish. I chose to remove it. 

6. Unsolder C26 (100 pF) from wafer A 
of the bandswitch and dismantle from 
C25. 

7. Unsolder the heavy bus bar connec-
tions which connect both halves of 
C28 (loading capacitor). Remove the 
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heavy bus wire connection which 
comes from wafer B on the top side 
of the chassis to C28 on the underside 
of the chassis (marked X in fig. 2). 

8. Remove RFC3 (1.1 mH). Remove the 
RG-58/U cable between the relay and 
C28. 

9. Unscrew all mounting hardware from 
C28 loading capacitor. To remove this 
capacitor from the chassis, it is neces-
sary to loosen the hardware holding 
the front panel; following removal of 
C28 secure all panel hardware. 

12. Select the new E. F. Johnson 154-11 
capacitor (C25), and using the front 
mounting hole of the original capaci-
tor, drill a 6-32 hole to match the 
bracket of the 154-11. Install the 
capacitor. 

13. Install the tuning knobs and tighten 
all front-panel hardware. Align the 
knob markings with the left edge of 
the tuning indices with both capaci-
tors fully meshed. 

10. Remove the mounting hardware from 
C25 plate tuning capacitor and re-
move it from the chassis. 

11. Install the new E. F. Johnson 154-1 
air variable (C28). Use the front 
mounting hole of the original loading 
capacitor as a guide and drill and tap 
a 6-32 hole to match the mounting 
bracket of the new loading capacitor. 
Install the capacitor using star 
washers on all hardware. 

cz* 

C 2 5 

C28 

L I 

R F C 

P C 1 . P C 2 

9-38 p F air var iab le (E . F . J o h n s o n 
154-11) 

12-244 p F air var iab le (E . F . John -
son 154-1) 

4 tu rns 3 / 1 6 " coppe r tub ing , l ' A " 
d iameter , spaced 3 / 1 6 " be tween 
tu rns (see fig. 3) 

O h m i t e Z - 50 

paras i t ic suppressors 

fig. 2 . Under-chassis modifications to the 
SB200 . Remove wires marked wi th X . Dril l new 
3 / 8 " hole at position Y . 

fig. 1. Modif ied plate circuit for the 
6-meter SB200 . 

14. Install the plate coil and the 1000 pF 
coupling capacitor as shown in fig. 4. 
Use a 6-32 x %-inch threaded brass or 
aluminum standoff between the 
tuning capacitor and the 1000 pF 
coupling capacitor. Be sure to use star 
washers on all mechanical con-
nections. 

15. Install a 6-32 solder lug on the 
1000-pF capacitor. Connect the 
1000-pF capacitor to RFC1 with 
solid number-12 copper wire. 

16. Install parasitic suppressors PC1 and 
PC2 and plate cap assemblies to 
RFC1. 
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fig. 3. Construction of the plate-tank coil for 
the 6-meter S B 2 0 0 . Material is 3/16" copper 
tubing. T w o small holes at ends are drilled for 
6-32 screws. 

20. Drill a 3/8-inch hole in the chassis 
(location Y in fig. 2) just above 
grommet F. Install a %-inch rubber 
grommet. 

21. Cut the RG-8/U exactly 9ya-inches 
long. Strip 2>2-inches of the un-
stripped end. 

22. Unravel the braid and twist securely. 
Trim to a length of 1 Vz inches. 

23. Using the 2%-inch stripped end of the 
RG-8/4 cable, attach and solder the 
braid to solder lug K (fig. 2). 

17, Install a 6-32 solder lug on the rear 
stator plate of C28 — nearest the 
shield wall. Use a star washer. 

24. Strip Vz inch of insulation from the 
inner conductor of the cable and 
solder it to lug 7 of the relay. 

II 
-n-C"-

fig. 4. The plate-tank coil is mounted between solder lugs mounted on the pi-network capacitors. 
The 1000-pF coupling capacitor is mounted on a threaded metal standoff. 

18. Strip 6 inches from one end of a 
20-inch length of RG-8/U. 

19. Unravel the shield braid and cut the 
braid 1%-inches long, measured from 
the end of the vinyl jacket. Twist and 
tin the braid. 

25. Solder the shield braid at the other 
end of this piece of RG-8/U to solder 
lug E (Fig. 2). 

26. Strip Vz inch of insulation from the 
inner conductor and push this end of 
the cable through the grommet at Y. 
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27. Solder the inner conductor to the 
empty solder lug on loading capacitor 
C28. 

28. Install an Oh mite Z-50 R F choke 
between the solder lug in step 27 and 
the ground solder lug located on the 
rear mounting bolt of loading capaci-
tor C28. 

This completes the modifications in 
the rf compartment. Install the 
T160/572B power tubes and attach the 
plate caps. The only steps remaining are 
those necessary to modify the input 
circuit. Refer to fig. 5. 

t. Disconnect and remove the 68 pF 
capacitor from coil CA to the ground 
lug at AE . 

fig. 5. Above-chassis construction of 
the SB200 before modification. 

2. Connect a 15 pF capacitor between 
lug 2 or CA to the ground lug at AE. 

alignment and tune up 
1. Connect the amplifier to the exciter; 

connect the keying line. 

2. Set the bandswitch to the ten-meter 
position (this is now the permanent 
six meter position). 

3. Set the load capacitor knob to 2 on 
the dial. 

4. Set the plate tuning capacitor at half 
mesh. 

5. Turn on the exciter and the linear 
amplifier. Allow three minutes for 
both to warm up. 

6. Place the meter switch of the ampli-
fier to the plate current position. 

7. Key the exciter and apply enough 
drive to show 300 mA on the meter. 

8. Adjust the tune (plate) control for a 
dip. 

9. Increase exciter drive and adjust the 
amplifier for a dip at 500 mA plate 
current (use both plate tuning and 
loading controls). On this amplifier 
the dip occurs with the plate tune 
control at 40% mesh and the load 
control at 2Vz on the dial. 

10. Change the meter switch to the rf out 
position and adjust the Sensitivity 
control for half-scale indication. 

11. Adjust the plate tuning control 
slightly for a maximum rf output 
indication. 

Note: During all tuning and adjusting do 
not allow a key down condition for 
more than 30 seconds at a time. 

12. Key the exciter and apply drive for a 
plate meter indication of 200 mA. 

13. Adjust coil CA for maximum plate 
current indication. 

This completes the 6-meter modifica-
tions to the SB200. This linear can be 
driven with any exciter which has an 
output of at least 35 watts. The unit in 
the photographs belongs to W A 1 L V F ; 
Roy is driving it with a Heathkit SB110A. 
Tests conducted with Bird Thruline watt-
meters on both exciter and linear, loaded 
into a Heath Cantenna, showed 60 watts 
output from the SB110A and linear 
amplifier output of 600 watts. 

No instability has been experienced 
with this conversion. If you should exper-
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ience instability, a stub neutralizing rod 
located between the power tubes, 
mounted on a ceramic feedthrough and 
connected to the bifilar choke with a 
2-turn link should stabilize the amplifier. 

optional modification 

The small motor and fan used to 
circulate air around the power tubes 
leaves much to be desired for my tastes; I 
prefer lots of air around power tubes. The 
miniature Pamotor muffin fan can be 
purchased from most supply houses for 
about $10. In some areas it may be 
available as surplus. 

Remove the original fan and fan 
motor. Use a nibbler tool or a fine coping 
saw to cut out a square hole to f i t the 
outside dimensions of the Pamotor fan. 
Be sure to leave enough metal on the 
diagonal corners to accommodate the 
mounting ears. Mount the fan on the 
underside of the chassis; don't worry, 
there is just 3/16-inch of clearance be-
tween the fan and the bottom edge of the 
chassis. 

Mount a 2-lug terminal as shown in 
fig. 6. Connect the black wires which 
went to the original fan motor to the tie 
points and the Pamotor fan leads to the 
same tie points. When the fan is installed 
in the SB200 cabinet there is more than 
enough room from the bottom of the fan 
to the cabinet. All SB-line enclosures are 

Top view of the completed S8200 conversion 
including the new circulation system. 

perforated, and this really helps air cir-
culation. With the installation of the 
muffin fan air circulation has been im-
proved by a factor of at least five. The 
fan motor is very quiet. 

fig. 6. The Pamoter muffin fan is mounted 
directly below the plate area of the final tubes. 
The 2-lug tie point is mounted to the right of 
the fan motor. 

conclusion 

The cost of the conversion is, to my 
mind, most reasonable. The two capaci-
tors in the pi-network were ordered 
directly from E,F. Johnson for $15.63 
including postage. The Pamotor fan was 
$9 locally and the copper tubing was 45c 
at the local hardware store. With the 
exception of the 15 pF capacitor, the 
new grommet and the length of RG-8/U 
cable, all other parts were salvaged from 
the original circuitry. 

The SB200 has been a very popular 
linear amplifier and now, with the intro-
duction of the SB220, they should be 
more plentiful on the used market. This 
conversion provides very respectable 
power output from a table-top linear 
which uses inexpensive tubes. I will be 
glad to answer inquiries if accompanied 
by a sase. My thanks to Roy Colella, 
WA1LVF, for furnishing the SB200 to 
experiment on and to Dick McGinn, 
WA1 IMS, for the photographs. 

ham radio 
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weak-signal 
reception 

• in 

cw receivers 
Suggestions 

for controlling 

receiver-generated 

noise, 

with some 

interesting 

test results 

Much has been written about weak-signal 
reception. It is well known that a cw 
contact can be maintained long after 
signals using other modulation modes 
have become too weak to resolve. The 
limiting factor in copying weak signals is 
usually the noise generated within the 
receiver. Noise from external sources is 
also a problem, but even this noise may 
be minimized by using the correct ap-
proach in receiver design. It is the pur-
pose of this article to demonstrate 
methods of reducing internally generated 
noise so that really weak signals may be 
copied under "quiet" conditions. 

receiver noise 
One method of assessing the capability 

of a receiver to receive weak signals is to 
replace the antenna with a dummy load 
and adjust the audio-noise output to a 
measured value, say -10 dB, when the 
receiver is adjusted to maximum sensi-
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tivity. A signal is then applied that will 
increase the audio output by 10 dB. The 
injected-signal level, in microvolts, is then 
a measure of the limiting signal-to-noise 
ratio. A receiver with a 1-microvolt sensi-
tivity under these conditions is con-
sidered average; a sensitivity of Vt micro-
volt is excellent. 

The noise at the receiver audio output 
under dummy-load conditions is caused 
in a tube-type receiver by the tubes. It's 
usually stated that most of the noise 
comes from the first tube in the receiver; 
one good reason for this statement is that 
the tube furthest from the audio has the 
most amplification behind it. Sensitivity, 
therefore, is to some extent a matter of rf 
amplification versus rf tube noise. Be-
cause two tubes make more noise than 
one, we need really high amplification 
from a single rf stage. 

Receiver noise, finally, increases with 
amplification. This is why so little noise 
accompanies a strong signal. We reduce 
the gain; and the noise, being weaker, 
disappears first. It's when we are working 
at the limit of amplification that noise 
intrudes, and any reduction of noise is 
tantamount to increasing the level of the 
incoming signal. 

There are various ways of reducing 
noise in relation to signal. One is to 
reduce the number of tubes —there is 
no th ing quieter than a one-tube 
"blooper!" Another is to improve the rf 
stage sensitivity. A third way is to narrow 
receiver bandwidth. 

Noise covers a wide frequency range. 
Any reduction in receiver audio-fre-
quency bandwidth will reduce noise. For 
cw reception a very narrow frequency 
bandwidth is desired. If the audio ampli-
fier is designed to attenuate all fre-
quencies except that which responds to 
the received signal, then unwanted audio 
frequencies and attendant noise will be 
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reduced. Such reduction in bandwidth 
not only reduces much receiver-generated 
noise; external noise, such as that from 
power leaks and auto ignition, will also be 
reduced. 

gain control 
An important consideration in design 

of a receiver for weak-signal performance 
is that of gain control. An enormous 
amount of amplification is needed to 
increase a 0.1-microvolt input signal to a 
1-milliwatt audio level. Without an ef-
fective gain-control system, receiver over-
load will occur when receiving very weak 
signals in the presence of powerful signals 
or local noise. A sensitive rf stage and its 
associated mixer, for example, will 
seldom overload in the presence of a 
powerful signal, so this part of the system 
requires neither manual nor automatic 
gain control (age). Early i-f stages, on the 
other hand, are subject to overload in the 
presence of strong signals and require 
efficient gain control circuits. 

Age circuits have been developed for 
cw-signal reception, but they are more 
complex than those for phone signals. In 
a cw age system, the age voltage must be 
derived from a rectifier isolated from the 
beat oscillator, otherwise the rectified bfo 
voltage will reduce receiver gain even in 
the absence of incoming signals. There-
fore, most amateurs use the audio-gain 
control; but this control has its limita-
tions. 

An audio-gain control is an input 
attenuator. The audio amplifier runs at 
full gain all the time, but its input is 
limited by the audio-gain control. When a 
strong signal is received, the product 
detector may be overloaded because 
audio attenuation occurs after the pro-
duct detector. Clearly, some form of i-f 
gain control is the answer; and for weak-
signal cw reception, this may be in the 
form of a bias control in the final i-f 
stage. 

Also not to be overlooked is the fact 
that a product detector is a mixer (by 
definition a nonlinear device), and the 
less noise or excess signal presented to it 
the better. The gain of the incoming 

signal, therefore, should be reduced be-
fore the signal reaches the product de-
tector. 

A receiver designed for truly weak-
signal reception must reduce the strongest 
signal to near zero amplitude while pro-
viding sufficient amplification to obtain 
usable audio response from a weak signal. 

tests 
I ran some tests to determine ways of 

improving signal-to-noise performance. A 
block diagram of the receiver configura-
tion for these tests is shown in fig. 1. 
Note that the rf stage has neither manual 
nor automatic gain control but has re-
generation control available. The buffer 
and 465-kHz i-f have age plus an over-
riding manual control; the main control 
operates on the cathodes of the two 
85-kHz i-f amplifiers, which have no age. 
Two audio filters are also available. 

Five controls are shown. Details of 
each are given together with information 
concerning the 85-kHz channel and the 
audio-output meter. 

control 1. The rf stage is regenerative to 
the point of oscillation at maximum 
setting. At minimum setting regeneration 
ceases, and the amplifier operates at 
normal gain. 

control 2. This control replaces the usual 
rf gain control. It provides cathode-bias 
control for two stages, both of which 
may be controlled by age. Control 2 
normally runs wide open but is adjusted 
to attenuate strong signals. (An rf stage 
and its mixer are seldom overloaded; the 
stages following the first mixer are those 
susceptible to overload.) 

control 3. This control can take the Q 
multiplier into oscillation. The Q multi-
plier is used as a peaking device rather 
than a selectivity control. The 1.5-kHz 
bandwidth of the 85-kHz i-f channel 
provides the i-f selectivity. 

control 4. Cathode bias for the two 
85-kHz i-f stages is controlled by this pot, 
which replaces the usual audio gain con-
trol. 

control 5. This is a 2-pole 3-position 
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switch that enables either one or both 
audio filters. The filters are toroid LC 
tuned circuits, one in the product-de-
tector output and the other in the grid 
circuit of the first audio stage. Resonant 
frequency is 1 kHz, and the filters pro-
vide considerable gain. A suggested 
schematic is shown in fig. 1. 

audio-output meter. The audio-output 
meter is designed for a 600-ohm receiver 
output; zero dB represents ? mW. The 
lowest-scale reading is -20 dB {10 micro-
watts). The point of zero signal with 
sensitive headphones is about -7 dB. It is 
necessary to calculate responses below 
-20 dB, as we shall see. 

CONTROL I CONTROL 2 CONTROL i 

(ZERO dB ' ImW 
across em orns i 

CONTROL 4 CONTROL 5 

fig. 1. Low-noise receiver that produced the test results in table 1. Control functions are described in 
the text. 

85-kHz i-f channel. The input to this 
channel is two cascaded i-f transformers. 
A total of four undercoupled trans-
formers give a bandwidth of about 1.5 
kHz.* The carrier-insertion oscillator is 
variable from 83 to 87 kHz and is 
adjusted to the audio-filter requirement. 

•The 85-kHz i-f strip can be a BC-453 war-
surplus aircraft receiver (tuning range 190-550 
kHz). The shape factor of this strip is quite 
good: 1.5 kHz at 6 dB down and 6.5 kHz at 
60 dB down. It is still available; try G & G Radio 
Electronics Co., 45-47 Warren St., (2nd Floor), 
New York, N. Y. 10007. Price used is $16.95 
complete with tubes. The set can be easily 
transistorized, editor. 
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preparation for tests 
Instead of a signal generator I used a 

live signal via the antenna. The signal 
source was a shielded low-power oscil-
lator located clear of receiver and an-
tenna. The output was adjusted for a 

irrelevant to the tests, but it certainly did 
not exceed 1 microvolt. 

test objectives 
It was desired to start with basic 

adjustments approximating those of an 

PRODUCT 
DETECTOR 

(E2H m m 

m 

fig. 2. Suggested audio filter. LI, L2 may be 88 mH toroids or preferably 300 mH, which have a 
better response curve and higher gain. C1 should be as shown if it is now larger in your receiver. 

signal 10 dB over the basic internal noise 
level. The signal showed no level variation 
at either the S meter or audio output. 

The antenna was arranged so I could 
switch from receive to dummy load to 
compare signal level with noise at each 
setting. Noise via the antenna was not 
taken into account, but on the pre-
liminary test I noted that, in the absence 
of a signal, the noise increased by less 
than 5 dB when changing from dummy 
load to receive. 

basic adjustments 
Age was switched off, and control 2 

was set to maximum. Regeneration was at 
Minimum, the Q multiplier was O F F , and 
both audio filters were OUT. The output 
meter was placed on the scale -20 to +17 
dB, and control 4 was adjusted (dummy-
load position) to give a noise output of 
-10 dB. When switching to receive and 
tuned to the test signal, the output 
increased to zero dB; in fact, the test 
signal was adjusted to produce this level. 

At this point, the receiver compared 
well with an average communications 
receiver. A check over the cw band 
showed a lively response. The test-signal 
level, in microvolts, is not known. It is 

average good receiver. A fade-free signal 
would be available to produce exactly 10 
dB above receiver internal noise. A record 
would be kept of the following effects on 
receiver operation: 

1. Audio filtering. 

2. Regeneration. 

3. Q multiplier. 

4. Combinations of the above, 

test results 
Results of the tests are shown in table 

1. I was surprised by the data even 
though I'd had considerable experience 
with the receiver and knew its capabili-
ties. A study of table 1 leads to the 
following conclusions: 

audio filtering. A 20-dB improvement for 
one audio filter proves that audio filtering 
really reduces noise. The fact that the 
second filter gave only 5 dB additional 
improvement indicates that the filter 
skirt-width doesn't greatly improve after 
the first big bite at the apple. 

regeneration. The 8-dB improvement 
shows that the signal does increase faster 
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than the noise when regeneration is used. 
The increase in sensitivity is worthwhile. 

Q multiplier. This is really a form of 
highly stable i-f regeneration. Selectivity 
measurements have shown that passband 
sharpening is completely nullified if the 
band being sharpened is wider than a 
subsequent channel. The 465-kHz i-f 
channel, even with the Q multiplier in 
use, is wider than that of the 85-kHz 

analysis of test results 
The tests show that improved sensi-

tivity reduces noise because less subse-
quent amplification is required — in other 
words, the gain may be reduced. Also, 
restricting audio bandwidth is of great 
assistance. Moreover, it is clear that a 
multi-tube receiver can be made virtually 
noise-free. The actual amount of noise 
may be estimated from the following 
discussion. 

table 1. Test results using a " l i ve" signal from the antenna. Signal source was an oscillator 
adjusted to produce a signal 10 d B over the basic internal noise level of the receiver. See fig. 
1 and text for control position. 

rf regeneration out out in in out out in in 

Q multiplier out in out in out out in in 

first audio filter out out out out In in in in 

second audio filter out out out out out in out in 

noise level (dB) -10 -10 -10 -20 -20 -20 -20 -20 

test signal level 

above noise (dB) 10 13 18 30 30 35 37 40 

improvement (dB) 3 8 20 20 25 27 30 

channel. Nevertheless, the 3-dB improve-
ment is most effective, as shown in the 
next paragraph. 

regeneration + Q multiplier. An improve-
ment of 20 dB is identical to that 
obtained with a single audio filter. The 
difference between the two conditions is 
merely one of bandwidth. However, it is 
desirable to retain this improvement be-
cause it's not always necessary to use 
audio filters. The receiver is invariably 
used with both regeneration and Q multi-
plier at maximum. 

regeneration + Q multiplier + filters. With 
the noise reduction already obtained, it is 
obvious that audio filters would have less 
work available. In fact, the single filter 
now contributes only 7 instead of 20 dB, 
and the second filter adds a mere 3 dB 
improvement. At the same time, the total 
improvement is a very worthwhile 30 dB. 

For headphone reception an audio 
output of 100 microwatts is more than 
adequate; 1 to 2 milliwatts will drive a 
speaker for use in a small room. If we 
convert the dB numbers into audio 
power, we obtain a better perspective 
(table 2). 

Working from table 2 and referring to 
table 1, we can back off the gain control 
(in theory) until the test signal is 100 
microwatts (-10 dB> and estimate the 
amount of noise that will be present. At 
the basic setting, with the signal at -10 dB 
instead of zero dB, the noise level will 
still be 10 microwatts — a considerable 
amount. 

For a 20-dB improvement, the noise 
will decrease to 0.1 microwatt, at which 
level it barely intrudes on the ear. For a 
30-dB improvement, the noise will be a 
mere 0.01 microwatt. However, if we 
back off the gain until the signal is 10 
microwatts (-20 dB}, the noise will be 
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0.01 microwatts for a 20-dB improve-
ment and 0.001 microwatts for a 30-dB 
improvement. 

Until now, we've considered a signal 
which was, basically, only 10 dB above 
the noise — really an S1 signal. Let's now 
consider a signal 20 dB above the noise, 
improved 30 dB and reduced to produce 
10 microwatts. The noise is now -70 dB 
or 0.0001 microwatt. 

Now we'll add one point for good 
measure: a 0.1-microwatt signal from a 

table 2. Data for estimating improvement in 
receiver response to noise based on the com-
binations in table 1. 

audio 
meter output power remarks 
(dB) (jUW) 

0 1000 very strong on headphones 
-10 100 strong headphone signal 
-20 i o comfortable headphone signal 
-30 1 weak headphone signal 
-40 0.1 a tolerable noise level 
-50 0 .01 an excellent noise level 
-60 O.OOl noise barely noticeable 
-70 0 .0001 virtually zero noise 

loudspeaker is barely audible at 6 feet, 
but a 10-microwatt signal can be copied 
at 30 feet or more. 

conclusions 
Admittedly the tests involved only 

signal versus internal noise and the results 
will be degraded by external noise. How-
ever, the use of audio filters narrows the 
audio spectrum so that external noise is 
greatly reduced. 

The fact that a triple-conversion re-
ceiver was used is incidental. Communica-
tions receivers have an rf stage, and many 
have a Q Multiplier. Audio filters may be 
used with any receiver that has an audio 
stage. Triple conversion doesn't offer 
much advantage over a double-conversion 
receiver if sharp i-f filtering is available, 
but triple conversion does permit re-
jection of the audio image without filters 
(giving single-signal response); and triple 
conversion permits age voltage generation 
and the use of an S meter at the second 
i-f while bfo/cio injection and gain con-
trol follow the third i-f stage. 

The amount of audio amplification 
provided doesn't appear to affect noise 
too greatly because we seldom use all the 
audio amplification, although we use 
much more on weak signals. Nevertheless, 
we should remember that the audio am-
plifier has little or no internal noise — in 
the sense that noise from audio tubes is 
not amplified to the same extent as that 
from earlier tubes, and there is less 
loading of the product detector where 
adequate audio amplification is available. 

Although 1 to 2 milliwatts of audio 
usually suffices for cw operation, it is 
advisable to consider the potential audio 
outputs available from a sensitive low-
noise receiver. Based upon an output of 1 
milliwatt for zero-dB, +10 dB is 10 
milliwatts and +30 dB is 1 watt, with +40 
dB increasing to 10 watts! 

Where noise level stands at -20 dB, a 
signal 20 dB above noise is a mere 1 
milliwatt, but at 40 dB above noise we 
have 100 milliwatts. If this is the type of 
output we expect from a 1-microvolt 
input (see table 1) what can we expect 
from a local signal some 60 dB stronger? 
This would be 100 dB above the noise; a 
potential output of one kilowatt of audio 
for -40 dB of noise! To reduce such a 
signal to 1 milliwatt calls for the noise to 
go back to -100 dB; i.e., to one ten-
millionth of a microwatt. This is the 
measure of gain reduction we need if our 
receiver is really sensitive with low-noise 
response. 

Even a regenerative rf stage will handle 
the 60-dB increase (from say 0.1 micro-
volt to a volt or two); but the age and/or 
rf gain must reduce early amplification 
considerably; and finally we need con-
siderable attenuation later in the receiver. 
We can, however, visualize the amount of 
signal passing through the product 
detector if we rely on an audio-input 
attenuator running almost closed off to 
limit the audio to 1 milliwatt or less, even 
after reducing the rf gain. 

There is nothing more pleasing to the 
cw DX man than a really weak signal 
producing a 1-milliwatt audio signal with 
an absolutely quiet background. 

ham radio 
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low-cost 
220-MHz exciter 

This simple 

crystal-controlled 

exciter for 220-MHz 

provides several watts 

CW output -

the final stage 

may be modulated 

if desired 
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When an amateur contemplates 220 MHz 
the first thing that enters his mind goes 
something like this, " I f I build a decent 
exciter for 220 a lot of hard work and 
time will very likely go down the drain; I 
have a pal with a surplus RDZ and he says 
there's nothing going on up there any-
way." Well, there is activity on 220. And 
the RDZ doesn't have a low-noise 
2N4416 front end. As to the matter of 
the exciter troubles — here is a little gem 
that uses a minimum of components, 
does not have to be neutralized, keys like 
a dream and uses five garden-variety 
tubes. 

The exciter consists of a 6AQ5 oscil-
lator stage, followed by three triplers and 
a 220-MHz power amplifier (fig. 1). I 
chose 6C4s for the first two triplers 
because they are low cost, and RCA rates 
them as 5-watt oscillators at 144 MHz; 
they are extremely efficient at 24 and 72 
MHz. 
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construction 
When you wire the tripler sections you 

will need a small soldering pencil to work 
in the cramped quarters (I used a Weller 

24 

fig. 1. Block diagram of the simple 220-MHz exciter. 

and adjust the L2 tuning slug for maxi-
mum 24-MHz signal indication. Plug in 
the second 6C4 tripler and go through the 
same procedure, tuning for maximum 

MHt 72 MHl 220MHz 

WPS). Don't be discouraged by the com-
pactness of the first three stages. Lay in 
the heater and B+ wiring first, then install 
the bypass capacitors. Next install all 
resistors and capacitors. Don't cheat by 
using wire; you will only need the com-
ponent leads. 

When you have the first three stages 
wired, plug in the 6AQ5, a suitable 
8-MHz crystal,* apply power, set the 
oscillator tuning capacitor half open and 
screw in the L1 coil slug until you hear 
the oscillator signal on a general-coverage 
receiver. Now plug in the first 6C4 tripler, 
set the plate-tuning capacitor half open. 

Bottom view of the exciter showing the 
crystal oscillator and 6C4 tripler stages 
to the left; 73- to 22-MHz 6360 tripler is 
to the right. 

photos by M . McConne l l 

signal at 73 MHz. These initial settings 
will put you in the ballpark when you are 
ready to line up the last two stages. 

Turn off the power, remove the three 
tubes, and wire the third tripler and final 
power amplifier stages. After checking 
your wiring for errors mount the coils on 
the variable butterfly capacitors. To tune 
up these stages the coils are set on 
frequency by either pinching them shut 
or spreading them apart (with the tuning 
capacitors half open). If you use 222.5 as 
your tuneup frequency the variable ca-
pacitors will cover the entire 220-MHz 
band. 

Do not change the value of the 6360 
screen resistors. With the values shown in 
fig. 2 you will not have to measure plate 
current as power input is within safe 
limits when the circuit is tuned to reso-
nance. In rigs of this type I have always 
preferred to read the grid current of each 
stage except the final power amplifier. If 
you want to put in meters and meter 
switches, fine, but it's certainly not a 
necessity. 

final tuneup 
When tuning up the 6360 power am-

plifier, open the B+ line to both the 
screen and plate. When you have obtained 
maximum possible final grid drive, turn 

•For output on 222.5 MHz, select a 8.240 MHz 
crystal; the first tripler will be at 24.720 MHz 
and second tripler, 74.160 MHz. For 220 MHz 

* use a 8.148-MHz crystal; a 8.333-MHz crystal 
will put output at 225 MHz. 
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the power off and reconnect the plate 
and screen voltage. Apply power again, 
tune the plate circuit for maximum 
220-MHz output, using both the butterfly 

color whatsoever. If one of the tube 
plates begins to show color turn off the 
power and check your tank-circuit wiring 
for symmetry. Make sure the mechanical 

J ooi 1 ^T-N.cd; I 

L 4 f 

L 6 

L 7 

L 8 

5 turns no. 16, 3 / 8 " diameter, 
1V«" long 

5 turns no. 16, 3 / 8 " diameter, 
1 -3 /4 " long 

5 turns no. 16, 5 / 1 6 " diame-
ter 1 " long 

IV2 turns no. 1 8 enameled, 
c losewound, 7 / 8 " d iameter 

C 8 , C 1 0 , C 1 3 10 .8-PF bu t te r f l y (E. F . John- L 5 
son 160-211) 

C I 1 5 .1-pF bu t te r f l y (E. F . John-
son 160-205) 

L I 16-29 fJLH (J. W. Miller 4407 ) 

L 2 3/LIH (J. W. M i l l e r 4608 ) 

L 3 8 turns no. 18 enameled, 5 / 8 " 
d iameter , 1 / 2 " long 

L 4 7 turns no 18 enameled, 1 /2 " 
d iameter , 3 / 8 " long 

fig. 2. Low-cost 220-MHz exciter uses 8-MHz crystal oscillator, three frequency triplers and power 
output stage. No neutralization is required. 

and series-link capacitors. layout of the 6360 stages is symmetrical; 
Now, turn off the room lights and electrical symmetry will follow. If you 

carefully observe the plates of both 6360 find you must neutralize the 6360 final, 
tubes. There should be absolutely no you did something wrong. 

fig. 3. Layout for the 220-MHz exciter. 
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circuit hints 
The bias on the 6C4 and 6360 control 

grids is provided by drive from the 
previous stage. If drive fails every tube in 

OSt 

OUTPUT 

rrt 

the line will be quickly destroyed. This 
has never happened to me but I 'm always 
on the lookout for drive failure. You can 
put a fuse in the B+ line, but if you tune 
slightly off-resonance you'll lose the 
fuse - which can be annoying, and al-
ways happens at the worst possible time. 
Obviously, a separate bias supply is the 
best approach, but this little rig was 
designed for utter simplicity and low 
cost, so none was included. 

If you're a CW man as I am you're all 
set with a few watts out on 220 MHz. If 
you want more power you can build the 
220-MHz power amplifier described in an 
earlier issue of ham radio.1 

reference 
1. Martin Beck, WB6DJV, " A n RF Power Amp-
lifier for 220 MHz," ham radio, January, 1971, 
page 44. 
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TR-4 -80/I0M transceiver 
"Your "Bonus" from World Radio: FREE 
Hy-Gain 18AVT(80/10M (vertical antenna 
with 100 ft. RG8/U " f o a m " coax cable. 
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*May be requested by ordering package 
TR4/18AVT/C with payment by: CASH, 
Master-Charge, Bank Americard and with 
no trades. Shipping F.O.B. World Radio. 

Drake Accessories You May Want 
AC4 — A C power supply S 99.95 
MS4 — Speaker $ 22.00 
3-1PNR — Plug in noise blanker . . . S100.0D 

Bottom view shows layout of the exciter. 
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the simplest 

cw audio filter 

This most simple 

of all cw 

audio filters 

series tunes the 

For the simplest possible cw audio f i l ter 
all you have to do is put a capacitor in 
series wi th your high-impedance head-
phones. Lower impedance headphones 
may require additional inductance, but in 
most cases a series capacitor wi l l resonate 
the headphones to a convenient audio 
frequency. 

I have used this effect for some time, 
and recently set up the test circuit in fig. 
1 to determine the proper capacitance 
values for various types of headphones. I 
used an old Western Electric audio signal 
generator wi th 600-ohm output into a 
500:3.2-ohm audio transformer. A sensi-
tive vtvm across the headphones measures 
circuit voltage. For low-Impedance head-
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phones a surplus 88-mH toroid inductor 
may be switched into the circuit. 

With the headphones connected direct-
ly to the 3.2-ohm winding of the trans-
former the voltage was approximately 
0.22-volt rms. With a series capacitor, and 
the audio generator tuned to the resonant 
frequency, the voltage across the head-
phones increased to as much as 0.7 volt; 
this represents considerable audio gain. 

A t frequencies below resonance re-
sponse falls of f rapidly due to increasing 
capacitive reactance. Above resonance the 
voltage drops slowly to the 0.22-volt 
level. However, when the 88-mH toroid is 
in the circuit response drops much more 
sharply at frequencies above resonance. 

High-impedance headphones work best 
in this simple circuit. Medium-impedance 
headphones do fairly well, and low-
impedance headphones (6 to 8 ohms) 
exhibit l itt le, if any, series-resonance. 
You can get an idea of the impedance 
range of your headphones by measuring 
their dc resistance. If the dc resistance is 
1000 ohms or more they can be classified 

fig. t . Test circuit for checking reso-
nance of series-tuned headphones. 
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table 1. Performance of various headphones 
with series-resonant capacitors. 

peak 
frequency capacitor peak 

headphones (Hz) (AtF) voltage 

Western 580 .015 0.62 V 
Electric 750 .01 0.62 V 
type 194W 800 .0075 0.60 V 
(2000 ohms dc) 1150 .005 0.55 V 

Murdock Signal 600 .05 0.55 V 
Corps type R-14 700 .02 0.50 V 
(1700 ohms dc) 1000 .015 0.65 V 

1200 .01 0.68 V 
1350 .0075 0.66 V 

Telex 750* .22 0.37 V 
(225 ohms dc) 800 .32 0.40 V 

900 .15 0.40 V 
950 .22 0.40 V 

1050* .1 0.40 V 
1150 .15 0.40 V 
1300 .1 0.37 V 

Murdock type 750* .22 0.35 V 
P-23 C A A T C 900* .22 0.37 V 
(130 ohms dc) 1050* .15 0.45 V 

1300* .1 0.45 V 

*88-mH to ro id inductor in c i rcui t . Note dual 
resonance of Murdock P-23 headphones w i th 
0.22-/1F series capacitor. 

as high-impedance types; 150 to 300 
indicates medium 500- to 600-ohms 
impedance. The dc resistance of low-
impedance headphones will usually be 
much less than 100 ohms. 

Some of the results I obtained are 
shown in table 1. The Western Electric 
194W (antiques) and Murdock Signal 
Corps R-14 headphones are high-impe-
dance types: the Telex and Murdock P-23 
headphones are medium impedance. The 
resonance effect of the 88-mH inductor is 
evident in the two tests made with the 
Telex headphones. 

Since most of the headphones used by 
amateurs were not originally designed for 
flat response one or more peaks usually 
show up as you change the audio signal 
frequency. If the series capacitance is 
chosen carefully the tuned peak can be 
made to coincide with a natural signal 
peak, thereby accentuating the cw filter-
ing effect. 

ham radio 

TOP-HAT EPOXY 
STUD-

EPOXY MOUNT 
PIV 1.5 AMP 1.5 AMP 3 AMP 6 AMP 
50 .04 .06 .12 .15 
100 .06 .08 .16 .20 
200 .08 .10 .20 .25 
400 .12 .14 .28 .50 
600 .14 .16 .32 .58 
800 .20 .40 .65 
1000 .24 .48 .75 

CAPACITORS 
Oipped Micas. 500 Volts, 
5% Tolerance. All Wi 
Pull Leads: 

10 12 18 
20 22 24 
27 30 33 
36 39 43 47 
50 56 62 68 
75 82 91 100 

120 150 180 200 
220 240 270 300 
330 360 390 430 
500 510 560 620 

1000 1500 
Your Choice 16 for $1.00 ppd. 

May Be Mixed. 

RESISTORS 
All Resistors Are One-Half Watt Carbons 
American Made, With Full Leads. Standard in 
Every Way. Some 5%, Some 10%, Some 20%-

5.6 Meg. 
9.1 Meg. 
10 Meg. 
22 Meg. 

6.8 2400 68K 
22 2700 75K 
27 3300 100K 
39 4700 120K 
82 5.6K 180K 
100 6.2 K 220K 
270 6.8K 330K 
330 8200 390K 
390 11K 470K 
620 12K 680K 
750 18K 910K 
1000 22 K 1 Meg. 
1300 24 K 1.5 Meg. 
1800 33 K 2.2 Meg. 
2200 52 K 2.7 Meg. 

Your Choice 33 for $1.00 ppd. 
May Be Mixed. 

NEW • Panelmount Fuse-
holder. High Quality 

s) American Made for 3AG 
Fuses. All Hardware In-
cluded. 3 for $1.00 ppd. 

3000 MFD @ 30 VOLT CAPACITORS 
Size: 1" Diameter x 3" Long. 

ITT 1N4004 18^ each 
ITT IN4007 28fl* each 
JAN IN270 5 for $1.00 ppd. 

Tl 1N914 16 for $1.00 ppd. 

SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6% State sales tax 

ALL ITEMS PPD. USA 

m. (uein/cheAher 
K3DPJ BOX 353 • IRWIN, PA. 15642 
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direct conversion 
receivers 
Solid-state direct conversion is encourag-
ing receiver construction; simplicity, low 
cost and good performance are its virtues. 
QRP fans are properly enthused because 
these receivers match the size, cost and 
battery-drain limitations of their low-
power operations. It is not unusual to 
work other hams operating with substan-
tial transmitter power but receiving on a 
small direct-conversion receiver. 

Watch out for considerable commer-
cial activity too; this mode of reception is 
a specialty of the Ten-Tec Company. 
Direct-conversion receivers match and 
often out-perform many of the commer-
cial receivers in the $75 and $175 class, 
especially if these are single-conversion 
types. 

circuits and 
techniques 

ed noil, W3FQJ 
theory of operation 

In a direct-conversion receiver the 
signal is applied directly to the detector 
along with a locally generated carrier of 
similar frequency. The output circuit 
emphasizes the difference-frequency com-
ponents, these being the modulation on 
the incoming signal. A direct conversion 
is made from signal frequency to modu-
lating frequency. A more exact definition 
for a direct-conversion receiver would be 
a receiver that converts directly to the 
modulating frequency by heterodyning. 

The demodulation is handled by a 
product mixer. In the mixing and multi-

fig. 1. Essential details of a direct-conversion receiver. 
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plying of signal and oscillator frequencies 
many frequencies are produced in the 
output. The one of concern is usually the 
difference frequency. When the signal and 
oscillator frequencies are the same, a 
special form of product mixer, the pro-
duct detector, is used. 

Leo Gunther, V K 7 R G , in the April 
1970 issue of the Australian EEB, states 
it this way, "The oscillator frequency in 
the product mixer need not be the same 

are to be obtained, a low-noise high-gain 
audio amplifier is essential. 

A single-sideband signal is demodu-
lated by tuning the oscillator frequency 
to the absent carrier frequency of the 
incoming signal. A CW signal is demodu-
lated by off-setting the receive oscillator 
frequency from the incoming carrier fre-
quency. A conventional a-m signal is 
demodulated by tuning the oscillator 
frequency to the incoming carrier fre-

o o 
fig. 2. Two schemes for multiband operation of direct-conversion receivers. 

as that of the signal; though it is when 
used as a product detector."1 

Inasmuch as the product detector 
form of linear mixer produces a family of 
output frequencies, the output circuit 
must include an audio filter that filters 
out undesired components and empha-
sizes the original modulating frequencies. 
Finally, the power level of the demodu-
lated audio must be increased to drive a 
headset or loudspeaker. 

The gain of the receiver is determined 
by the gain of the audio amplifier. If 
good signal-to-noise ratio and sensitivity 

fig. 3. Using heterodyning to obtain 
multiband operation with a direct-
conversion receiver. 

quency using the same zero-beat tech-
nique used when demodulating an a-m 
signal with a sideband receiver. 

what constitutes good direct-con-
version practice? 

The conversion should be linear. A 
balanced detector circuit with good linear 
performance over sufficient dynamic 
range is preferred. Hot-carrier diodes with 
their low noise content and low inter-
modulation distortion are popular. The 
field-effect transistor (both dual-gate and 
dual-fet types) is attractive for the same 
reasons. However, as V K 7 R G points out, 
the low signal levels at which the normal 
product detector operates in a direct-
conversion receiver is an important factor 
in the low cross modulation performance. 

The usual direct-conversion receiver 
includes no rf stage. None is required 
when the product detector itself has a 
very low noise level. Selectivity is deter-
mined by the output audio filter. Any rf 
stage ahead of the product detector has a 
marginal influence on the overall selec-
tivity. A n overpowering local station may 
give some trouble, although its effect is 
likely to be less than in the usual solid-
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fig. 4. An outboard tuner can be used with a direct-conversion receiver to provide multiband operation. 

state superheterodyne receiver. A nar-
row-band filter is appropriate for CW; 
wider band (300-2500 Hz), for ssb re-
ception. 

Presently the audio filters used in 
direct-conversion receivers are relatively 
simple types. The inclusion of audio 
filters with better shape factors is just a 
matter of time. 

Sensitivity is influenced by the overall 
gain of the audio amplifier and the noise 
content of the detector and audio input 
stage. A low noise fet input stage seems 
expedient not only because of its low 
noise content but also because its high 
impedance permits the design of a more 
simple good-shape audio filter. 

The oscillator must be very stable. 
However, this requirement is now old-hat 
because the same order of stability is 
needed in more conventional sideband 
receivers and in transmit or transceiver 
vfos. 

There are three ways of adding bands 
to a basic single-band direct-conversion 

receiver. The obvious procedure is shown 
in fig. 2. In example A, a multiband 
oscillator is used. You need only to 
switch oscillator frequency and antenna 
input resonance to change bands. An 
alternative to this scheme is to use a 
stable low-frequency oscillator and a 
switchable multiplier chain that generates 
the harmonics needed for operation on 
higher-frequency bands. 

A n idea used by C. F. Dorey2 employs 
a stable vfo and one or more crystal 
oscillators, fig. 3. A mixer selects either 
the sum of difference frequency to obtain 
an appropriate injection frequency for 
the desired receive band. 

The final method,3 shown in fig. 4, 
changes the direct-conversion receiver 
over to a superhet for reception on other 
bands. In this case individual band con-
verters are placed ahead of the product 
detector. These outboard tuners can con-
sist of a crystal oscillator-mixer combina-
tion or an rf amplifier and mixer-
oscillator. 

fig. 5. Two-phase 
d i rec t - conver s i on 
receiver. 
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fig. 6. Vector diagrams of two-phase 
direct-conversion receiver signals. 

adjacent channel interference 
The conventional sideband receiver, be 

it used for CW or sideband reception, 
includes a sideband filter that rejects 
carrier and undesired sideband spectra. 
The usual direct-conversion receiver has 
no such facility. If you are tuning in a 
lower sideband signal, an adjacent chan-
nel signal may beat with the oscillator 
frequency to produce audio difference 
components that fall in the upper side-
band spectrum. These will be heard in the 
output. Radio-frequency selectivity is of 
little use in rejecting these opposite-side 
audio images. Good audio filter selec-
tivity is of some help but this can be 
carried to the point at which the desired 
modulation loses intelligibility and/or 
imposes an impractical pinch on oscillator 
stability. 

two-phase direct conversion 
A double-balanced product detector4,5 

with appropriate phasing can be used 
to cancel out image-side components. 
This adds complexity as shown in fig. 5. 
However, integrated circuits are good 
devices for designing double-balanced 
systems with little increase in weight and 
size. The added stages are worth the 
effort if you strive for performance that 
will match more conventional high-
quality sideband receivers. 

In the two-phase system the incoming 
signal is applied in phase to both product 
detectors. Oscillator components are 
applied 90° out of phase. The two de-
modulated audio signals are then made 
90° related with an audio phase-shift 
network. Next the two signals are com-
bined prior to application to the main 
audio filter and a follow-up audio ampli-
fier. What happens is shown in the vector 
diagrams of fig. 6. When adjusted for 
upper sideband reception the audio fre-
quency components demodulated from 
one side of carrier frequency are additive. 
Conversely, any audio frequency com-
ponents demodulated from the other 
frequency side of carrier are subtractive. 

Incorporated switching selects either 
upper or lower sideband reception. 
Switching can take place in the combiner 
by a change-over between difference or 
sum operation. Two-phase operation may 
be the next general forward step in 
direct-conversion techniques. 

cw transceive 
Direct conversion is just fine for tran-

sceive operation. One oscillator (crystal, 

RCV XMT O 
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FINAL 
R-F 
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fig. 7. Transceiving with direct conversion. 
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fig. 8. Two popular product detectors. Hayward-Bingham circuit is in (A). Transformers T1 and T2 
are trifilar-wound toroids. Circuit in (B) is used in the Ten-Tec R X 1 0 direct-conversion receiver. 

vxo or vfo) serves both receiver and 
transmit modes, fig. 7. There is a slight 
difference between the transmit oscillator 
frequency and the desired offset fre-
quency operation of the oscillator for CW 

reception. A correction can be a part of 
the transmit-receive switching6, 7 ' 8 ' 1 2 

in the oscillator circuits. Y o u can then 
adjust the tone of the demodulated CW 
without changing the frequency of the 

3 
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-t -t 

m r h 

12 • 

22 

;.2Z •< h ^ 2 2 
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amplifier 
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fig. 9. Integrated-circuit product detector uses R C A CA3028A. L I and L2 are mutual-C coupled toroids. 
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transmit oscillator. The same preset 
switching arrangement also compensates 
for any change in oscillator frequency 
that may result from loading shifts in 
switching between transmit and receive. 

typical circuits 
The product detector is the key stage 

of a direct-conversion receiver because of 
its influence on distortion, cross modula-
tion, noise and sensitivity. Low-noise 
devices and a balanced circuit keep noise 
and cross modulation at a low level. If the 
product detector is somewhat less than 
the best it can be preceded by an fet 
amplifier that will improve the signal-to-

uses two broadband trifilar input and 
output windings. Link coupling is used 
between the input of product detector 
and the antenna resonant circuit. 

Other types of low-noise diodes are 
used and perform well. For single-band 

detector devised by P A 0 K S B . 

O OSCILLATOR 

fig. 11. Simple product detector and audio 
filter used in receiver designed by K 1 B Q T , 

noise ratio and, to a limited degree, the 
selectivity as well. 

The two most popular forms of pro-
duct detector are shown in fig. 8. Ex-
ample A is the common balanced-ring 
arrangement using the low-noise hot-
carrier diodes.9 This circuit customarily 

fig. 10. Circuit diagram of the 
C A 3 0 2 8 A differential-amplifier ic. 

operation a resonant input circuit can 
develop a higher output and improve the 
signal-to-noise ratio. 

The dual-gate mosfet provides a fine 
low-noise and minimum cross modulation 
product detector. The circuit of fig. 8B is 
used in the popular Ten-Tec RX10 
direct-conversion receiver. One gate is for 
signal injection; the second gate, for 
oscillator injection. A switchable resonant 
input circuit permits operation on four 
bands, 15 through 80 meters. A 2-kHz 
audio filter is located between the drain 
and the input to the audio amplifier. 

Low-pass LC audio filters are common 
although simple resistor-capacitor com-
binations are sometimes found. Surplus 
88-mH telephone toroid coils are often 
used in the audio filter, fig. 9. This 
arrangement uses an integrated circuit as 
a product detector. The RCA CA3028A 
integrated circuit is a simple differential 
amplifier with a means of applying an 
oscillator signal to the base of the con-
stant-current emitter-bias circuit of the 
differential pair (fig. 10). Note in fig. 9 
that the incoming signal is applied between 
terminals 1 and 5; the oscillator to 
terminal 7. Demodulated audio is taken 
from pins 6 and 8. 

An fet product detector10 is shown in 
fig. 11. The input signal is applied to the 
source; oscillator, to the gate. A simple 
resistor-capacitor filter passes the audio 
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products of the drain circuit to the fet 
audio-input state. 

Probably the simplest product de-
tector is that used by PA0KSB,11 fig. 12. 
A two-diode balanced mixer is followed 

BH38I9 

El 

rh 

>470 

T0P9&UCT 
DtltClW 

fig. 13. G3EJF's common-gate fet rf amplifier 
for use wi th direct-conversion receivers. 

by a resistor-capacitor audio filter and a 
two-stage audio amplifier for headset 
operation. For these simple detectors a 
good low-noise fet input rf stage is a 
definite benefit. A grounded-gate stage 
from G3EJF7 is shown in fig. 13. 
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24 hour digital clock 
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INSTRUMENTATION 
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ldent: Neon light, (lashes for a 30-second inter-
val every 10 minuses as a station identification 
cal l reminder ; disable swi tch provided. Power 
requirements: 117 volts 60 Hz, AC, 6 watts Site: 
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W a r raniy o n a | | p a r j s a n ( j i a t ) 0 r under normal use. 

PLEASE SEND ME: 
(check one) 
• 24-hour clock with 

Stntion-tdent ($99.00) 
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PAYMENT BY (check one) 
O Check or money order 
• BankAmericard 

Card :: 

zip 
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tebook 

component marking 
There are several types of typing cor-

rection tape that are ideally suited for 
marking printed-circuit boards, transistors 
and other components. I use the type 
that is about 1-inch wide and comes in a 
dispenser (Sterling Type-White or Dixon 
Taperaser). Place the correction tape over 
the surface to be marked and letter 
directly on the back of the tape. For best 
results use a sharp pencil or ball-point 
pen. The white correction-tape pigment is 
transferred easily and legibly. 

Because of the stark whiteness of the 
pigment, readability is excellent, even on 
light-colored printed-circuit boards. To 
protect the letters dab a little lacquer or 
synthetic varnish over the lettering. The 
white pigment is not especially solvent in 
lacquer-based materials, but it does have a 
tendency to smear a little. 

W. H. Fishback, W1JE 

There remains much interest in improving 
the internal calibrator, hopefully without 
modifying the receiver. 

The performance of the trimming 
capacitor in the receiver can be improved 
by adding parallel and series N750 and 
npo capacitors to restrict the trimmer 
range and to obtain better temperature 
compensation. 

There has been little comment, if any, 
upon the simple approach — replacing the 
internal calibrator crystal with a better 
one. 

Herb Blasier, W6EF, points out that 
the usual receiver has an inexpensive 
E-cut 100-kHz crystal, but this cut has a 
very small range of temperatures for 
which it has minimum drift . This crystal 
may be replaced with a DT-cut crystal for 
100 kHz, or for 1 MHz. The DT cut has a 
long, flat curve, and is little affected by 
reasonable changes in operating tempera-
tures. For 50 kHz, a useful frequency for 
calibrators, the NT cut is desirable. 

Bill Conklin, K6KA 

calibrator crystals 
In recent years there have been many 

items published on the subject of im-
proving the accuracy and reliability of 
receiver crystal calibrators. Some hams 
have provided external transistor oscil-
lators, thus tending to limit the tempera-
ture range of the unit compared with one 
exposed to tube heat. Others have gone 
to external oven-con trolled crystals. 

low-value 
voltage source 

Although zener diodes are available in 
a wide veriety of voltages, values below 
about three volts are not as common as 
other values. Such regulating voltages are 
sometimes needed and can be built from 
only a few discrete components. The 
circuit in fig. IB is a transistorized equiv-
alent of a zener diode. The breakdown 
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voltage is adjusted by resistor R2. This 
circuit has been used to obtain regulating 
voltages from less than 1 volt up to 10 
volts. 

Circuit operation is quite simple. When 
the voltage across R1 reaches approxi-
mately 0.5 volts, Q1 begins to conduct, 
causing Q2 to conduct. Q2 draws only 
enough current through load resistor R L 

to maintain conduction in both Q1 and 
Q2. This voltage is the breakdown voltage 
V^. If the supply voltage is increased Q2 
will conduct more current but V ^ will be 
maintained. 

L , 

m 

ov, 

fig. 1. Circuit in (B) is transistor equiva-
lent of circuit in (A) . Output voltage can 
be adjusted f rom less than t volt up to 
10 volts. 

The regulating voltage, V 2 , is the 
equal to: 

. . . ^ , R1 + R2 , My = 0.5 Z R1 

The value of the load resistor R L is 
determined as in the conventional zener-
diode circuit in fig. 1A: 

Vc - V , 

where I is the current through zener and 
the load. 

This circuit can be used in almost any 
application that a regular zener diode can 
be used, but it has one advantage that can 
often be very useful to the experi-
menter — the regulating voltage can be 
adjusted to precisely the required value. 

Transistors Q1 and Q2 should be 
low-leakage silicon transistors. The power 
rating of Q2 determines the power rating 

of the equivalent zener. Another ad-
vantage now becomes apparent: an ex-
pensive high-power zener diode can be 
replaced if an appropriate power tran-
sistor (low cost) is used for Q2! 

James McAlister, WA5EKA 

hot wire stripper 
The wire strippers shown in the photo-

graphs permit consistently better stripped 
wires when building electronic equip-
ment. I use two different versions with 
great success. Both use a hot knife edge 
to melt the insulation in a thin line 
around the wire, permitting clean removal 
of insulation without damage to the 
conductor. Cut strands or nicks are com-
pletely eliminated. The stripper can be 
used on various sizes of solid conductors, 
stranded wire or coaxial cable. It is 
especially useful on very small gauge 
stranded wire. On coaxial cable clean cuts 
can be made through the outer jacket 
and, after moving the braid out of the 
way. through the insulation around the 
center conductor. 

MUELLER CUP 
STRIPPER 

STRANDED WIRE 

COAX CABLE 

SOLID CONDUCTORS 

STRIPPER WITH 
GAUGE 

Hot-wire strippers and samples 
stripped wire and cable. 

of 
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For the first version of the hot wire 
stripper remove the screw from a Mueller 
battery clip, flatten this end and file to a 
dull knife edge. Clip to the tip of a 
soldering iron (100 watts or less) and 
when the edge is hot enough to melt the 
plastic insulation the stripper is ready for 
use. Place the knife edge against the 
insulation and rotate the wire between 
your fingers until a clean cut is made to 
the conductor. The insulation will slide 
off cleanly. 

Wire stripper with gauge installed on 
37-watt Ungar soldering Iron. 

The second version, for use with a 
37-watt Ungar soldering iron, has a built-
in stop to gauge the length of insulation 
to be stripped off the wire. The dimen-
sions are not critical, and materials used 
are available from scrap. The stripper 
shown in the photograph was made from 
a steel metal strap used for banding 
cardboard cartons. It is .010-inch thick 
and Vz inch wide, bent around a nail to 
the shape shown in the photograph. Both 
ends are filed to a dull knife edge. The 
stop should extend about 1/8-inch 
beyond the other knife edge to permit 
insulation of any length to be stripped. 
To use this feature place the end of the 
wire against the stop and rotate the wire 
between your fingers until a clean cut is 
made. When stripping thick insulation or 
on coax cable, using either stripper, roll 
the cable on your bench with a small 
amount of pressure on the stripper. 

Carl Yeager, W8DWT 

cleaning tape heads 
Sound recorders are used widely by 

amateurs, many of whom are not expe-
rienced audiophiles. After awhile, a 
recorder may fail to record at a suitably 
high level until the recording and erase 
heads are cleaned. In my case, I had 
purchased a bottle of cleaner, and also 
tried rubbing alcohol which did not 
correct the loss of recording volume. 

One salesman said later that it was 
necessary to use an almost pure alcohol, 
not a 70% rubbing alcohol. The instruc-
tion book recommended using carbon 
tetrachloride, which has some serious 
toxic effects if much is used in a closed 
space and is impossible to buy in 
some states. However, in checking with 
users of commercial recorders and com-
puters, it was found that Ampex No. 
087-007 head cleaner consists of another 
somewhat toxic material, less than 11 
percent Trichlorethane. A little of this on 
a Q-tip quickly corrected the recording 
volume. 

Bill Conklin, K6KA 

dual-voltage 
power supply 

Many home construction projects in-
volving the use of transistors call for a 
9-volt power supply. Once in a while you 
may want a bit higher voltage, say 18 
volts. Here's a circuit for getting either of 
those two voltages from a power supply 
using a transformer with a 6.3-volt ac 

r 

t T 

secondary, the size that lives in almost 
every junkbox. The wiring diagram in fig. 
2 tells about all that can be said. The 
transformer, rectifiers and capacitors are 
those that are available. The spdt switch 
selects either of the two available volt-
ages. 

Carl Drumeller, W5JJ 
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The Scrubber is a solid-state aid to 
noise-free C W recept ion . I t also serves as a 
station speaker and code practice oscil-
lator. The Scrubber contains a Fritch ,* a 
sharp, solid-state, active filter which 
"scrubs" the audio output from the 
receiver. The filtered signal is rectified 
and used to drive a dry-reed relay. The 
relay contacts are used to key an internal 
audio oscillator, whose tone and volume 
are selected by the operator. The code 
output matches the received signal but is 
isolated and free of noise. 

The filtering and oscillator keying 
functions are performed by the Douglas 
Randall Fritch frequency responsive 
switch. The Fritch provides a contact 
closure when a 1000-Hz signal is received 
from the receiver audio section; the con-
tact closure is used to key the Scrubber 
oscillator. 

The Scrubber contains a matching 
transformer input, Fritch, monitor oscil-
lator, communications quality speaker 
and power supply. A rear panel terminal 
strip provides connections for receiver 
audio and practice key. Provisions are 
made to match 3.2-, 8-, 600- and 
1000-ohm receiver outputs. A rear panel 
adjustment sets the proper signal input 
level to the Scrubber. 

In operation, a CW signal is tuned in 
with the scrub switch out. When the 
desired signal peaks on the front panel 
meter, the scrub switch is thrown to in. 
The desired audio signal will then key the 
internal oscillator in step with the re-
ceived signal. The extremely high degree 
of isolation between the actual audio 
signal and the regenerated signal elimin-
ates all unwanted static and noise. The 
Scrubber will pass signals in a very narrow 
audio passband and reject all others. 

Like any filter, the Scrubber cannot 
distinguish between multiple signals in its 
passband. However, rough or chirpy 
signals are reproduced as clear T9 notes. 
The better the receiver selectivity, the 
easier it is for the Scrubber to separate 
signals. SWLs and novices will find that 
the Scrubber will improve copy from 
homebrew and less expensive receivers 
and wi l l e l iminate d istract ing Q R N . Ear 
fatigue from static crashes is eliminated. 

The wide dynamic input range of the 
Scrubber helps to compensate for fading 
signals. The use of a reed relay allows 
faithful reproduction of the original 
signal at speeds in excess of 25 words per 
minute. 

The Scrubber is housed in a handsome 
wood-grained cabinet and can also be 
used as a station speaker, CW monitor or 
code-practice oscillator. The unit is priced 
at $94.50. For more information, use 
check-off on page 110, or write to Douglas 
Randall Division, Walter Kidde and Com-
pany, Inc., 6 Pawcatuck Avenue, 
Pawcatuck, Connecticut 02891. 

•Fritch is the registered trade mark for Douglas 
Randall frequency-responsive switch; patent 
pending. 
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printed-circuit kit 

C O M P L E T E ! NOTHING! ELSE TO B U Y ! 

At one time building an electronics 
project was hard work because it involved 
drilling, cutting, reaming and deburring a 
metal chassis. Now Injectorall Electronics 
Corporation has taken the sweat out of 
electronics and put pleasure back in. With 
Injectorall's new no. 650 photo-etch 
printed-circuit kit, anyone, beginner or 
professional, can make professional 
printed circuits the first time, every time. 
Injectorall's 650 is a completely packaged 
kit (nothing else to buy) using a photo-
sensitive method for producing profes-
sional quality printed circuits. It can be 
used with assurance by engineers develop-
ing a prototype or an amateur who is 
building a home-lab project. 

With Injectorall's Kit 650 you don't 
need a darkroom, and you can completely 
eliminate commercially made boards. If 
ham radio has a drawing you want to use, 
Kit 650 has materials included to let you 
make negatives from the printed page. 
Hobbyists and professionals alike have 
found it ideal for solid-state and inte-
grated circuitry. 

Kit 650 contains two photo-sensitized 
3 x 4-inch copper-clad boards, a photo-
graphic test negative and an ultraviolet 
light source. It also contains an exposure 
glass, clamps, developer, etchant, trays, 
resist remover, drill and complete instruc-
tions. This low-cost easy way of making 
quality printed circuit boards is now 
available at all major distributors and 
retails for only $10.80. 

For more information, use check-off 
on page 110, or write to Injectorall Elec-
tronics Corporation, 4 North Road, Great 
Neck, New York 11024. 

Ben Bryant 
W8IGQ 

Happiness is having 
your own HAM-MATE™ 
For 17 years, hams have been borrowing their Iriends' 
THRULINE® Watlmeter lot accurate power and VSWR mea-
surement. Now. at last, there is a Bird instrument designed 
lor hams. 

The NEW scries 4350 HAM-MATE™ Directional RF Wattmeter 
is a direct descendant ol the model 43 THRULINE" — the 
professional standard ot the industry. It measures forward 
and reflected power in two ranges: 200W and 2000W (model 
4350) or ZOOW and 1000W (model 4351). 

Ono ol the most important requirements of any insertion typo 
RF wattmeter is its directivity, i.e. the ability to differentiate 
between power flowing in opposite directions in the trans-
mission line. When adjusting an antenna to a 50-ohm line, a 
meter with insufficient directivity is likely to indicate a perlect 
match when none exists. The new HAM-MATE has a minimum 
of 20 dB directivity, an absolute must for meaningful re-
flected power (and VSWR) measurement. 

The guaranteed SPECIFICATIONS: 
Model 
Frequency Range 
Forward Power 
Reflected Power 
Accuracy 
Insertion VSWR 
Directivity 
Connectors 
Price 

4350 4351 
1.8—30 MHz 

2000/200W 1000/200W 
2000/200W 1000/200W 

± 8 % 0FS 
less than 1.10 (50 ohms) 

20(IB minimum 
Female UHF(SO-239) 
$79 $79 

S D i n n E L E C T R O N I C C O R P O R A T I O N 
^ D i n U Cleveland (Solon) Ohio 44139 

also available at HENRY RADIO 
Gentlemen: Please send bulletin on: 

• 1.8-30MHZ, 2000/200W Harn-mate Wattmeter 
• 1.8 30MHz, 1000/200W Ham-male Wattmeter 
• Why don't you make a 50-I50MHZ Ham-mate? 

Name. 

Company. 

Address. 

Cily_ .State. .Z i p . 

ELECTRONIC CORPORATION 
Cleveland (Solon) Ohio 44139 • 30303 Auiori Bold 
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Many thousands of you have be-
come very familiar with the vari-
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com-
munication. 

This is the oldest and most widely 
read British amateur radio maga-
zine. Published monthly it pro-
vides complete coverage including 
such popular features as: Techni-
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi-
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga-
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out-
going QSL Bureau) for $9.60 a 
year. 

b o o k d i v i s i o n 

Box 592 • Amherst. New Hampshire 03031 

programmable 
electronic keyer 

Curtis Electro Devices has announced 
an unusual new electronic keyer designed 
to raise contest scores while adding to the 
enjoyment of CW operation. A 256-bit 
MOS integrated-circuit read-write 
memory has been incorporated into the 
basic Curtis keying circuitry to provide 
"canned" CW sequences for repetitious 
portions of CW traffic such as used during 
CW contests. This frees the operator for 
logging and provides a moment of relaxa-
tion. The following is a typical Field Day 
program set: 

A. 5NN SCV DE W1DTY/1 
B. CQ FD CQ FD DE W1DTY/1 
C. DE W1DTY/1 

These three programs are written into 
the MOS memory merely by sending on 
the keyer paddle while the instrument is 
in the write mode. The sequence may be 
written and rewritten as often as desired 
for any contest or call letters in only the 
time it takes to send the Morse char-
acters. An internal battery automatically 
supplies current to the memory in the 
event power is removed. The memory 
may be programmed at any convenient 
speed. Playback, initiated either by a 
panel push-button or an external switch, 
exactly follows the manual speed and 
weight characteristics in use by the oper-
ator and is indistinguishable from manual 
sending. Memory reset is instantaneous 
when manual sending is started. 

The all IC EK-402 Programmable Elec-
tronic Keyer incorporates the features 
required in a professional keyer including 
calibrated speed, variable character 
weighting, sidetone pitch and volume, a 
variable repeat cycle, tune-up switch, 
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iambic or standard keying action and dot 
memory. Speaker and 110 Vac power 
supply (220 Vac optional) are built-in. 
The reed relay output will key any 
grid-block, cathode keyed or solid-state 
amateur transmitter. The keyer is priced 
at $289.95 FOB factory, complete with 
cables, connectors and memory battery. 
For more information write Curtis 
Electro Devices, Box 4090, Mountain 
View, California 94940, or use check-off 
on page 110. 

turner microphones 

The medium-priced Turner 600 cardi-
oid dynamic microphones now include 
a detachable cable with professional 
connector, and the guarantee has been 
extended to five years at no increase 
in price. The Turner 600 series ($70 
list) has excellent unidirectional cardi-
oid pick-up characteristics and a smooth 
wide-range response. The units feature 
die-cast zinc alloy cases, Cycolac fronts, 
on-off switches and are available as 
a Model 600 high impedance (40,000 
ohm) or Model 602 low impedance (150 
ohm). Response covers the 50-15,000 Hz 
range with discrimination typically 20-25 
dB over the entire range. 

Effective immediately, the perma-
nently attached cord on the 600 Series 
microphones is replaced by a 20-foot 
detachable cord, including an Amphenol 
MC2M connector. The new cable is 
single-conductor, shielded, on high-

T H E COMCRAFT CTR-144 

* 

M A D E I N U.S.A. 

<y 

The First AM-FM 
Solid-State Transceiver 

For Two Meters 
No longer is it necessary to choose between 
AM and FM on two meters. Now you can have 
both in one compact unit. Join the gang on 
the new FM repeaters yet still be able to "rag 
chew" with old friends either AM or FM any-
where in the two meter band. 

TRANSMITTER: 
• Built-in VF0 (Frequency converted for stability) 
• AM and FM both crystal and VF0 
• Four transmit crystal positions (8 MHz) 
• 12 watt input AM and FM 
• High Icvol transmitter modulation on AM 
• Bandpass coupled transmitter requiring only final tune 

and load 
• Threo internal transmit crystal sockets with trimmers 

for netting 
• One transmitter crystal socket on the front panel 
• Deviation limiting 

RECEIVER: 
• Double conversion 
• Crystal controlled firsl conversion 
• M0S FET receiver front-end 
• Integrated circuit limiter and discriminator for FM 
• Envelope detector and series gate noise clipper for AM 
• Built-in squelch for bcth AM and FM 

GENERAL: 
• Separate transmitter and receiver tuning 
• Built-in 115VAC power supply 
• Direct 12VDC operation for mobile or portable operation 
• Optional portable rechargeable snap-on battery pack 

available 
• " S " Meter also usee for transmitter tune up 
• Military stylo glass opoxy circuit boards 
• Anodized lettering and front panel 
• Baked epoxy finish on the cabinet 
• 47 transistors, 22 diodes, 1 integrated circuit 
• Dimensions: 10V1"W k 6>/«"H x 7>/2"D 

Warranty—90 Days Parts and Labor 

CTR-144 is available FACTORY DIRECT 
including 146.94 MHz crystal $389.95 

P.O. BOX 2 6 6 — G O L E T A , CALIF. 9 3 0 1 7 

Write for more information or 
use CHECK-OFF 
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A New Magazine? 
Not really. New in the U.S.A. perhaps, 

but very well known in Great Britain and 
now being offered to you here. 

RADIO CONSTRUCTOR is almost exclu-
sively construction material. Clearly writ-
ten, concise articles give you full details 
on: 

• Audio Construction Projects 
• Receiver Construction Projects 
• Transmitter Construction Projects 
• Test Equipment Projects 
• Radio Control Projects 

. . . and much more 

Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 

ONE YEAR SUBSCRIPTION — $6.50 

Write 
RADIO CONSTRUCTOR 
Greenville, N. H. 03048 

Name 

Address 

City State 

Zip 

impedance models, and two-conductor, 
shielded, on low-impedance models. 

The guarantee on the 600 series micro-
phones has now been extended to five 
years, longest in the microphone in-
dustry. If, at any time within five years of 
purchase, the microphone fails, it may be 
returned to Turner, prepaid. If the failure 
is due to faulty materials or workman-
ship, the microphone will be repaired or 
replaced, at no charge, and returned to 
the sender, postage paid. 

The Turner Division of Conrac Corpor-
ation, located at 909 17th Street N. E., 
Cedar Rapids, Iowa 52402, is one of the 
world's leading manufacturers of micro-
phones for broadcast, sound systems, 
amateur radio and other applications. For 
more information use check-off on page 
110. 

sub-audible tone 
module 

Alpha Electronic Services has an-
nounced its new SS-80J integrated-circuit 
sub-audible tone module. Measuring less 
than one square inch, including the new 
TN-91J frequency determining module, 
the SS-80J is the smallest non-reed 
CTCSS device available. The unit was 
designed especially to offer high reli-
ability by the elimination of mechanical 
and contactless reeds and still be small 
enough to be installed in hand-held tran-
sceivers and pocket page receivers. 

Under development for two years, the 
SS-80J has been subjected to a rigorous 
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CRYSTAL FILTERS 
AND DISCRIMINATORS 
by KVG of West Germany 

9 . 0 M H z F I L T E R S 
X F 9A (5 ) * 2.5 kHz SSB 
X F 9B (8) 2.4 kHz SSB 
X F 9C (8) 3.75 kHz A M 
X F 9 D (8) 5.0 kHz A M 
X F 9E (8) 12.0 kHz N B F M 
X F 9 M (4) 0.5 kHz CW 
X L 1 0 M (10) 0.5 kHz CW 

HC6 /U C R Y S T A L S 
X F 900 9000 .0 kHz C O R R . 
X F 901 8998.5 kHz USB 
X F 902 9001 .5 kHz LSB 
X F 903 8999.0 kHz BFO 

10.7 M H z F I L T E R S 
X F 107A (8 ) * 
X F 107B (8) 
X F 107C (8) 
X F 1 0 7 D (8) 

14 kHz N B F M 
16 kHz N B F M 
32 kHz W B F M 
3 8 k H z W B F M 

•Indicates number of filter crystals 

9 . 0 M H z D I S C R I M I N A T O R S 
X D 9 - 0 1 
X D 9 - 0 2 
X D 9 - 0 3 

1.5 kHz R T T Y 
3.0 kHz R T T Y 
8.0 kHz N B F M 

10.7 M H z D I S C R I M I N A T O R S 
X D 1 0 7 - 0 1 ± 10 kHz N B F M 
X D 1 0 7 - 0 2 ± 20 kHz W B F M 

$23.12 
$32.85 
$35 .40 
$35 .40 
$35 .40 
$24 .49 
$65 .64 

$2.75 
$2.75 
$2.75 
$2.75 

$30.25 
$30.25 
$30 .25 
$30.25 

$16.95 
$16.95 
$16.95 

$14.95 
$14 .95 

Miniaturized for use in modern solid-state 
equipment or upgrading of older units. Circuit 
matching elements built-in. 

Write for complete specifications to: 

Si 
SPECTRUM 

INTERNATIONAL 
BOX 87 T0PSFIELD 

MASSACHUSETTS 01983 

testing program to establish long-term 
reliability. Extremely stable, the unit 
meets or exceeds all applicable El A Speci-
fications and is available in standard or 
special frequencies from 20.0 cps to 
250.0 cps. Special configurations are 
available for easy mounting in most hand-
held and portable units along with in-
struction manuals that clearly outline 
step-by-step installation. For additional 
information write to Alpha Electronic 
Services Inc., 8431 Monroe Avenue, 
Stanton, California 90680, or use check-
off on page 110. 

instrument knobs 

International Rectifier Corporation 
has introduced a family of all aluminum, 
quality instrument knobs at prices rang-
ing from 56 cents to $1.19. The knobs 
are designed specifically to upgrade the 
appearance of instruments built by 
hobbyists achieving a custom, precision 
look. 

In the International Rectifier Diamond 
line, the company will offer three styles 
of individually machined knobs in a total 
of 11 sizes. These include a silver alumi-
num knob style with knurled sides and 
recessed spin top. This style is also 
available in skirted configuration. The 
third series is gold anodized aluminum 
with recessed tops and wood-grained 
inserts. 

All three styles are individually 
packaged with a 1/8-inch adapter to make 
the standard %-inch shaft fit all sizes. 
Each knob has a set screw to assure 
secure fit. Knob sizes range from approxi-
mately 1/a inch to 1 Vs. inch in diameter. 
Available at your local electronics dis-
tributor; for more information use check-
off on page 110. 
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; WANTED: DRAKE 26 
^ALLOWANCE ON AN R4B RECEIVER 1 

R-4B 
RECEIVER 

$ 4 7 5 0 0 

D e p e n d a b i l i t y . . . 

Elect ronix Sales 
, . r , - t ,1 Li l«l!(U» «!!«' i l l f • 

123044 Crenshaw Blvd. 

Torrance, CA 90505 • PH: 534-4402 

Radio Amateurs 
Reference Library 
of Maps and Atlas 

WORLD PREFIX MAP - Full color. 40" x 28". shows 
prefixes an each country . . . DX zones, time zones, 
cities, cross referenced tables postpaid $1.25 
RADIO AMATEURS GREAT C I R C L E C H A R T OF T H E 
WORLD — from the center of the United States! Full 
color, 30" x 25", listing Great Circle bearings in de-
grees for six major U.S. cities; Boston. Washington. 
D.C., Miami. Seattle, San Francisco & Los Angeles. 

postpaid $1,25 
RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25" — includes Central America and the 
Caribbean tn thu e q u a t o r , showing call areas, zone 
boundaries, prefixes and time zones. FCC frequency 
chart, plus informative information on each of the 50 
United States and other Countries postpaid $1,25 
WORLD ATLAS — Only atlas compiled lor radio ama-
teurs. Packed with world-wide information — includes 
11 maps, in 4 colors with zone boundaries and coun-
try prefixes on each map. Also includes a polar pro-
jection map of the world plus a map of the Antarctica 

a complete set of maps of the world. 20 pages, 
size 8 " x 12" postpaid $2.00 

Complete reference library of maps — set of 4 as listed 
above postpaidJ3.50 

See your favorite dealer or order direct. 

MM FOR 
FREE 

BROCHURE! 

RADIO AMATEUR 

^ j f c o e p t . 

I l b o o k INC. 
r w r 925 Sherwood Drive 

Lake Bluff, III. 60044 

gonset portable 
vhf receiver 

The Gonset Division of Aerotron 
recently announced its new model 6RP 
highband vhf personal portable receiver. 
The Gonset 6RP is a high-performance, 
true fm narrow-band pocket-type re-
ceiver, with built-in antenna for moni-
toring the range of 146 to 160 MHz. The 
6RP may be powered with replaceable 
mercury cells or rechargeable nickel 
cadmium batteries; other options include 
two-frequency capability, and signal-to-
noise ratio squelch which is adjustable 
from the outside of the unit. The Gonset 
6RP may be used for monitoring amateur 
fm, police, fire, industrial, CD and many 
other land-mobile services. 

For more information on the new 
Gonset 6RP vhf-fm receiver, use check-
off on page 110 or write to Aerotron, 
Inc., Post Office Box 6527, Raleigh, 
North Carolina 27608. 

second-class radio-
telephone license 
handbook 

The emphasis of this new edition, 
authored by Edward M. Noll, is placed on 
two-way radio since this is the major field 
of activity for the second-class radio-
telephone license holder. Completely 
updated, the discussions of the latest 
solid-state two-way communications 
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N E W f rom ^ 

TONE BURST ENCODERS 
UP 10 5 fixed tones 
(factory 

ADJUSTABLE: j T ^ ^ ^ ^ T ^ ^ m 
—Duration I • 
—Output I I 
NO BATTERIES needed. I V 
FULLY ADAPTABLE | " c o d e r ' °M f 
EASY INSTALLATION 
CONTINUOUS TONE POSSIBLE 
FULL 1 YEAR RP Warranty 

Prices: MODEL TB-5 
5 tone (std.) $37.50 
2 tone $32.50 

Special tones — inquire 

( I I I . residents add 5 % tax) 

FREE SPEC SHEETS *p Electronics 
NOW AVAILABLE B O X 1 2 0 1 H 

CHAMPAIGN, ILL. 
61820 

New 
3 Digit Counter 

wT 83 
• The model fm-36 3-digit frequency 

meter has the same features that has made 
the 2 digit model so popular with Hams 
— low price, small size (smaller than a 
QSL card), 35 Mhz top frequency, simple 
connection to your transmitter, + 0 —0.1 
Khz readout — PLUS the added convenience 
of a third digit to provide a 6 digit capa-
bility. Kit or Assembled. 
Example: 28,649,800 Hz reads 28.6 MHz 
or 49.8 Khz. (Add the 10 Hz module to 
read 9.80.) 

• A divide-by-ten prescaler is also avail-
able that operates up to 170 Mhz. Extend 
the range of any frequency counter — or 
use with the fm-36 for 6 meter or 2 meter 
use. 

FM-36 KIT $134.50 
FM-36 ASSEMBLED $164.50 

Micro-Z Co. 
Box 2426 Rolling Hills, Calif. 90274 

equipment are included in this revised 
edition. 

The first five chapters cover FCC rules 
and regulations, operating procedures for 
radiotelephone communications, trans-
mitter tuning and adjustment, etc. 
Chapters 6 through 14 are study guide 
chapters that contain questions and 
answers on Elements I, II and III of the 
FCC exam. Each of the study guide 
chapters include a self-examination, with 
the answers provided. 

Chapter 15 contains two 100-question 
tests to simulate the FCC examinations. 
These tests are presented in the multiple-
choice form of the FCC tests. The 
answers to these tests are also given. 
Finally, the book has appendices which 
contain extracts from the FCC Rules and 
Regulations. These extracts contain valu-
able information that can be used as 
reference material. 

Second-Class Radiotelephone License 
Handbook will help the reader acquire a 
license, and will continue to serve as 
reference material once he is licensed. 
Published by Howard W. Sams & Com-
pany. 360 pages, softcover. $6.50 from 
Comtec Books, Post Office Box 592, 
Amherst, New Hampshire 03031. 

vhf fm transmitter kit 
The new two-meter five-watt vhf fm 

transmitter kit from RMV Electronics 
features 4-channel capability. The kit is 
furnished with step-by-step instructions 
and is built on a double-sided 3- x 7-inch 
glass-epoxy board. The circuit uses 16 
transistors and 9 diodes and has a sepa-
rate oscillator for each channel, capable 
of remote selection. The transmitter uses 
plug-in HC-18/U crystals in the 9-MHz 
range. 

The completed transmitter is easy to 
tune up with a 50 i iA meter and provides 
5 watts (typical) output with a 13.6-volt 
power supply. Priced at $59.95 less 
crystals, microphone, meter or power 
source from RMV Electronics, Box 283, 
Wood Dale, Illinois 60191; add $1.00 for 
postage in the U. S. A. For more informa-
tion use check-off on page 110. 
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a second look 
. I 

.Jim 
fish 

Radio engineers from the U. S. Depart-
ment of Commerce are creating immense, 
invisible heated bubbles in the upper at-
mosphere with a new 100-million-watt 
radio beam. The short-lived bubbles are 
formed in seconds at altitudes up to 
200 mites and grow to their full 50 
to 100-mile size in about 20 minutes. 
Composed of the electrified gas of the 
ionosphere, the bubbles elongate upward 
and downward under the force of the 
earth's magnetic field. 

Observations of these effects on the 
upper atmosphere should lead to a better 
understanding of the ionosphere and im-
provements in long-distance radio com-
munications. Within minutes or hours, 
depending on the time of day and condi-
tions in the high-level environment, the 
modified region of the ionosphere re-
bounds to its natural state. 

The new high-power transmitter, lo-
cated in Colorado, uses a nine-element 
circular array of antennas, 360 feet in 
diameter, with an additional element in 
the center for beam focussing. The sys-
tem is capable of projecting effectively 
a 100-megawatt radio beam that is tun-
able between 5 and 10 MHz, the usual 
range of ionospheric penetration fre-
quencies. 

The intense radio beam is transmitted 
straight up at very close to the penetra-
tion frequency — the frequency at which 
a radio wave passes completely through 
the ionosphere. This imparts a maximum 
amount of energy to the ionosphere. The 
closer the transmitted beam approaches 
the penetration frequency, the higher it 
reaches before being bent back to the 
earth, the more it is slowed down, the 
longer it remains in the ionosphere, and 
the more its energy is absorbed by the 
ionospheric electrons. 

The electron heating takes place in 
about 20 seconds, more or less. The heat 
bubble expands more slowly, however, 
because the negatively-charged electrons 
must drag the heavier, slower-moving 
positive ions with them in order to main-
tain the electrical neutrality of the ion-
ospheric plasma. Within 20 minutes or so 
the dimensions of the heat bubble may 
grow to 50 or 100 miles. 

Measurements indicate that the radio 
beam raises the temperatures of the ion-
ospheric electrons by as much as 35 per-
cent. Scientists expected that this temper-
ature change would cause enhanced 
reflections of radio signals. Unfortu-
nately, this is not the case; radio waves 
reflected from the regions of heated 
electrons are severely attenuated. 

Another major surprise is the artificial 
creation of a natural phenomenon known 
as Spread-F. Spread-F is the upper layer 
of the radio-reflecting region of the 
ionosphere which is characterized by a 
patchy pattern of reflected signals. 

Scientists have long been looking for 
a technique for modifying the ionosphere 
as a method for studying it. They have 
used chemical releases, atomic bombs 
and small electron-beam accelerators, but 
none of these methods are as controllable 
or repeatable as the new 100-megawatt 
transmitter. Hopefully this new tool will 
lead to a better understanding of the 
ionosphere, and eventually, control of its 
radio reflecting properties. Can you im-
agine around-the-clock contacts on 10, 
15 and 20 meters even in years of 
minimum sunspots? QRM could become 
more of a limiting factor than it is now! 

Jim Fisk, W1DTY 
editor 
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miniature 
solid-state 

variable-frequency oscillator 
My search for a simple high-quality vfo 
which was small enough to justify the use 
of minature solid-state devices led to the 
design of a dual-function printed-circuit 
board which accommodates either the 
Seiler or Vackar oscillator circuits. These 
circuits were given comprehensive treat-
ment by W1DTY1 and can provide the 
amateur with exceptional results. 

seiler and vackar circuits 
Fig. 1 shows the Seiler oscillator cir-

cuit. Q1 is the oscillator, followed by an 
amplifier (Q2) and an emitter-follower 
(Q3). Fig. 2 shows the schematic diagram 
of the Vackar. Again, Q1 is the oscillator, 
followed by an amplifier (Q2) and an 
emitter-follower (Q3) which are identical 

8 0 3 december 1971 

This miniature I 

circuit-board can be used I 

for either the I 

Seiler or Vackar * 
§ 

oscillator circuits, 2 
JS 

including the f 
Z 

buffer-amplifier * 
IS 

and emitter-follower J 



to those used in the Seiler circuit. 
Careful study of the basic Seiler and 

Vackar oscillator circuitry reveals that the 
circuit differences involve a basic re-

viewed from the foil side of the printed-
circuit board for both the Seiler and the 
Vackar circuits.* Connections shown by 
dashed lines are for the Vackar; its 

m 
C1 
C2 

2S-PF variable (Mitten MK21025) 
2.4-24.5 pF (Johnson 189-509-5) 

C3 200 pF silver mica (total of C3A and 
C3B) 
1.7 jUH. 1 8 turns no. 20 enameled evenly 
spaced on Amidon T-68-2 torold core 

fig. 1. Circuit of the Seiler oscillator. Components values shown tune from 7.0 to 7.3 MHz. 

L1 

arrangement of L1, C6, C7 and RFC1, 
and, in the case of the Vackar, the 
elimination of C8 and R3. 

The padding capacitor, C3, is desig-
nated as C3A and C3B. This allows you 

associated components are designated by 
the letter V (ie: V-L1, V-Jumper, V-C6, 
V-C7, and V-RFC1). 

Parts placement for the Seiler circuit 
can be seen by simply ignoring the 

LI 
I 7tiH 

hfc i 
ImH ft9 

IX 

fig. 2. Vackar oscillator circuit. Buffer-amplifier (Q2) and emitter-follower (Q3) stages are the same 
as the Seller circuit in fig. 1. 

to use two different temperature compen-
sating values should this be necessary. 

circuit board 

Fig. 3 shows the parts placement as 

*An etched and drilled glass board (including 
the nine quarter-watt resistors used in the test 
oscillator) is available for $1.50 postpaid ($1.00 
for the board only) from Technical Assistance 
Unlimited, Inc., 717 N. W. 1st St., Gainesville, 
Florida 32601. 
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fig. 4. Dc and rf voltage measurements made on the 7-MHz Seiler test oscillator. The dc voltage 
measurement is the upper number; the rf voltage (rms) is below the line. 

dashed lines and the V-designated con-
nections. When the circuit board is used 
for the Seiler circuit no connections are 
made to holes indicated by the letters E 
or F. 
If you begin with the Seiler oscillator, 

•tie v 

Rfour 

fig. 3. Parts placement as viewed from the foil 
side of the printed-clrcuit board. Seiler layout 
can be seen by ignoring the dashed lines and 
components designated by " V " . 

the following changes are necessary to 
convert to the Vackar circuit: 

1. The side of L1 which was connected 
to ground is connected to point E. 

2. RFC1 is replaced by a jumper. 

3. R3 is replaced by RFC1. 

4. C8 is replaced by C6. 

5. The end of C7 which was connected 
to the source of Q1 is connected to 
point F. 

After these five steps are completed, 
C8 and R3 are leftover as they are not 
required in the Vackar configuration. 

dc arid rf voltages 
Fig. 4 indicates the dc and rf voltage 

(rms) measurements made on a 7-MHz 
Seiler test oscillator. Circuit values are 
shown in fig. 1. These measurements were 
made with an 11-megohm vtvm equipped 
with an rf probe. The upper number 
indicates the dc voltage with Q1 removed 
from the circuit. The bottom number is 
the rf voltage (rms) obtained with the 
oscillator functioning. 

construction and test 
Since this circuit board packs a lot of 

components in a small space it is recom-
mended that you mount the resistors 
first. The quarter-watt size is preferred 
but half-watters may be used by standing 
them on end. Next, mount the capacitors, 
coil, choke, and zener — checking and 
re-checking for proper position. 

The transistors are mounted last. You 
should mount Q2 and Q3 and check the 
dc voltages as shown in fig. 4. Any 
abnormal reading will allow you to find 
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the mislocated component or faulty tran-
sistor. Install Q1, apply power and you 
should be in business. 

The rf voltage measurements shown in 
fig. 4 for the 7-MHz test oscillator can be 
used as a rough guide. Using the Vackar 
circuit, or other frequencies or compo-
nents will result in rf voltages that depart 
widely from those of the test oscillator. 
Once you have obtained proper opera-
tion, you may wish to note these voltages 
for reference. 

Failure to oscillate may be traced to a 
mislocated part, a bad fet or improper 
values at C4, C5, C6 or L I and its 
associated parallel capacitors. In many 
cases you may have to experiment with 
these components to determine the 
proper value. In addition to the compre-
hensive article by W1DTY already men-
tioned, the additional references2' 3 pro-
vide examples of various frequency ranges 
and circuit layouts. 

Generally speaking, mechanical con-
struction of the finished product will 
spell the difference between a "warbler" 
and crystal-controlled stability. The 
general rule of thumb is to build it like 
the venerable battleship; the article by 

"You should take up ham radio too. Marge! 
It's a great way to while away the idle hours." 

W8YFB4 is recommended reading. 
By all means try your hand at substitu-

tions. Some substitutions may produce 
superior performance. MPF102 fets may 
be used in place of the 2N3819s but be 
sure to check the base lead configuration 
as the gate lead is on the outside instead 
of in the middle. Some bending may be 
necessary to get the right lead into the 
right position, and care should be taken to 
insure that none of the leads are short-
circuited. This substitution was made in 
the test oscillator, and it functioned with 
little perceptable difference from the 
original except for slightly higher rf volt-
ages. 

Toroidal inductors need not be used at 
L1 although they do offer a size advan-
tage. Miniductor type stock was tried and 
performed very well. Alternately, the 
hole used to mount the toroid can be 
enlarged and a slug tuned coil fastened in 
this position. While this works, it may be 
necessary to adjust some of the compo-
nents to get the circuit oscillating as the 
Q of this type inductor may be consider-
ably lower than either the toroid or the 
airwound coil. 

Various rf chokes with values as low as 
a few microhenrys were tried at RFC1 
with success. 

summary 
This versatile printed-circuit board per-

mits easy construction of either the Seiler 
or Vackar oscillator. In addition to being 
useful to the homebrewer in search of a 
small high-quality vfo, this board should 
keep the Seiler vs Vackar experimenter 
busy for some time. 

references 
1.James R. Fisk, W1DTY, "Stable Transistor 
VFOs," ham radio, June, 1968, page 14. 
2. James R. Fisk, W1DTY, "Homebrew Single-
Band SSB Transceiver," ham radio, June, 1969, 
page 11. 
3. C. E. Galbreath, W3QBO, "A V F O For Solid 
State Transmitters," ham radio, August, 1970, 
page 36. 
4. Bill Wildenhein, W8YFB, "Simple High-
Stability Variable Frequency Oscillator," ham 
radio, March, 1969, page 14. 
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diversity receiving 
system 

The application 

of photocell modules 

and ICs 

to improve 

reception in the 

hf bands 

In the same sense that most fami ly 
garages these days contain t w o or more 
cars, most amateur stations have at least 
two receivers. T h e second receiver may be 
a separate self-contained uni t , or of the 
t w o receivers, one may be in the fo rm of 
a transceiver. The availability of two 
receivers covering the same band or bands 
allows one to enjoy the advantages of 
diversity reception.1 

T h e most useful application of diver-
sity reception in amateur work is proba-
bly for ssb D X , since deep signal fading 
of ten causes missing words or entire 
phrases. Al though diversity reception wil l 
also improve CW intell igibil ity under mar-
ginal signal conditions, the improvement 
is not quite as obvious as that w i t h ssb 
since CW speed versus fade t ime, plus the 
fact that CW contacts of ten fo l low a 
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standard format , al low one automatical ly 
to fill in missed portions. Much the same 
is true of R T T Y , where one can see the 
pr intout of several words and fi l l in a 
garbled word. 

Al though commercial and government 
stations may use racks of equipment to 
obtain diversity reception wi th low error 
rates on hf circuits, the basic advantages 
of diversity reception can be obtained for 
amateur purposes wi th relatively simple 
equipment. 

diversity reception 
Besides having t w o receivers available, 

the other basic requirement for diversity 
reception is that each receiver be fed an 
input signal that doesn't fade in the same 
manner, so that the diversity circuits can 
choose automatical ly the best receiver 
channel at any instant. There are numer-
ous ways to provide the differing input 
signals for each receiver. T h e commer-
cial /mil i tary approach is usually to use 
space diversity. In this method, each 
receiver is fed by a similar antenna 
separated 5 to 10 wavelengths. The space 
between the antennas provides di f ferent 
signal levels as ionospheric refraction 
conditions vary. 

Another approach is frequency diver-
sity in which only one antenna is used, 
but each receiver is tuned to a di f ferent 
frequency which carries the same intelli-
gence. This method is satisfactory for 
shortwave broadcast reception, since 
most major shortwave broadcasters trans-
mit similar programs simultaneously on at 
least t w o bands to a given area. Amateurs, 
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however, may transmit simultaneously on 
different bands only under restricted con-
ditions generally defined by the FCC as 
serving the overall amateur interest (code 
practice) or during emergencies. 

polarization diversity 
Probably the most satisfactory diver-

sity receiving method for hams is polari-
zation diversity, which doesn't require 
the real estate necessary for space diver-
sity. Its principle is based on the fact that 
a signal refracted by the ionosphere ex-
periences a change in polarity. The 
change is most pronounced during dis-
turbances in the ionosphere that produce 
rapid fading. Most refracted signals 
exhibit circular polarization, and the best 
hf DX receiving antenna would probably 
be one that responds to this type of wave. 
However, such antennas are generally not 
practical on hf. 

Polarization diversity reception isn't 
difficult to implement in most cases, 
since all that's required is an antenna of 
opposite polarization to complement the 
existing antenna. For instance, if the 
existing antenna is horizontally polarized, 
a second, vertically polarized antenna is 
needed. The gain of the complementary 
antenna is not as important as the fact 
that it responds to oppositely polarized 
signals. 

A rarely used method of diversity 
reception involves (a) cross-response, and 
(b) extremely different angle-of-arrival-
response antennas. In the former case, 
similarly polarized antennas are used but 
have a 90° difference in major-lobe re-
sponse to account for the fact that signals 
may be received better over different 
propagation paths. In the latter case, an 
antenna Vz wavelength high may be used 
to complement an antenna 1-2 wave-
lengths high to take advantage of the fact 
that, during disturbed propagation condi-
tions, transmission over a long path may 
vary between 1- and 2-hop F-layer propa-
gation with a corresponding difference in 
the signal angle of arrival. 

Whatever antenna method is used 
depends upon the construction possibili-
ties at a station. The following parts of 

the article describe circuits that may be 
used to obtain an automatic selection of 
the receiver for best reception assuming a 
given receiving antenna arrangement. 

selection via avc combining 
The simplest method to obtain a selec-

tive choice of receiver outputs is to tie 
together the avc bus of two similar 
receivers, as shown in fig. 1. The receiver 
with the stronger signal biases the receiver 

V 

RECEIVER I 

V 

-a] 

COMMON AVC BUS 

RECEIVER 2 

fig. 1. Simplest diversity receiving method. The 
receiver with the stronger signal biases the 
receiver with the weaker signal to reduce Its 
audio output. Signal-to-noise ratio suffers, how-
ever, because the receiver with the weaker 
signal is never completely cut off. 

with the weaker signal to reduce its audio 
output. The receiver with the weaker 
signal is never completely cut off, how-
ever, and produces some noise output. 
Each receiver is shown with a separate 
speaker, but often the audio output of 
each receiver is paralleled and fed through 
the audio section of just one receiver, or 
through an auxiliary audio amplifier. 
Simultaneous tuning of both receivers 
may be accomplished by using a common 
local oscillator and beat-frequency oscil-
lator. In this case, the receivers should be 
adjusted on a steady signal so that both 
produce the same output level indepen-
dently. Such an adjustment is usually 
required only once on each band. This 
can be done by controlling the gain of 
any stage not subject to avc, or by 
controlling the gain of a preamp ahead of 
one receiver not connected to the avc 
line. Once adjusted the system will work 
quite well and will, very roughly, tend to 
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halve the difference in input signal level 
to each receiver. For example, if the 
input signal to one receiver differs 20 dB 
with respect to that of the other receiver, 
the combined audio level will exhibit 
about a 10-dB change. 

inexpensive and performs the audio com-
bining or selection process almost as well 
as several tube or transistor stages. It's 
particularly effective when used in re-
ceivers with their avc buses tied together. 
However, it can be used with two re-

AUDIO SECTION. RECEIVER I 

fig. 2. Addition of photocell module, M, improves diversity action of two receivers with avc buses 
connected, or it can be used alone with two receivers having dissimilar avc circuits. Photocell (Clairex 
C L M 4006) is available from Allied Radio, order no. 60F6468, at $3.25. 

photocell combiner 
To further enhance the differential avc 

voltage when one receiver input signal 
increases as the other decreases, a photo-
cell operating on the audio output of 
each receiver can be used to advantage 
(fig. 2). The receiver with the stronger 
audio output energizes the photocell 
module in the first stage of the other 
receiver. The resistive element of the 
photocell module decreases in resistance 
with increasing drive, and in conjunction 
with the 1-meg series resistor, forms a 
voltage-divider that reduces the signal to 
the audio section of the receiver with the 
weaker signal. 

The photocell addition is relatively 

ceivers having different avc circuits, 
which precludes connecting their avc 
buses together. After experimenting with 
the rf and af gain controls on each 
receiver, the photocell-only method of 
audio control performs about as well as 
the avc-combining method. 

switching combiner 
The main disadvantage of the simple 

methods described above is that the 
receiver with the weaker signal is never 
completely disabled. The combined avc/ 
photocell method is about as far as one 
can go with simple circuitry; but even 
here, unless the difference in signal levels 
to the receivers is very great, the receiver 
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with the weaker signal will provide some 
output and degrade the overall signal-to-
noise ratio. The only way to avoid this is 
to completely disable the output of the 
receiver with the weaker signal. The rate 
at which the level of each receiver in a 

cial equipment. Although diversity action 
would be enhanced if the unit shown 
were used with receivers whose avc buses 
could be tied together, it can be used 
with receivers having dissimilar avc cir-
cuits. 

MJOtO PROCESSOR # I 

fig. 3. Block diagram of IC diversity combiner. Note that the two audio-processing circuits are 
identical. 

diversity system should be sampled, as 
well as how fast and by what means the 
output of each receiver can be chosen 
without creating switching noise, has 
been the subject of numerous studies and 
commercial design approaches. 

IC diversity combiner 
The simple circuits using ICs shown in 

fig. 3 and 4 provide effective, low-cost 
diversity receiving action approaching 
that obtainable with expensive commer-

A s shown in fig. 3, the IC combiner 
consists of two identical audio processors, 
each connected to the audio output of 
one receiver, then interconnected. Each 
processor consists of a 1-watt audio 
power amplifier whose output is regu-
lated by a control section consisting of 
two IUA702A stages. The first * I A 7 0 2 A 
stage is driven by the audio-output level 
of the power amplifier in the companion 
audio processor. It acts as a low-pass 
(2,000 Hz) amplifier. Its output is then 
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rectified and fed into another ^A702A 
stage, which acts as a level detector. 

When the rectified input level to this 
stage exceeds a certain value, an output is 
created that is used to sharply reduce the 
gain of the audio power amplifier. Thus, 
only one audio channel will be amplified 
as long as it produces a sufficiently strong 
signal to retain control of the system at 

However, such a refinement would add 
little to the value of the unit for amateur 
DX receiving purposes, where the main 
objective is to select the receiver which, 
at any time, provides at least a minimum 
readable signal. 

circuit description 

The details of the circuit are shown in 
fig. 4 for one audio processor. The first 

oumrrmM 
2ND AUDIO 
PROCESSOR 

NPVT TO SECOND MJUO PROCESSOR 
O 

fig. 4. Complete schematic of one audio processor. T w o Fairchi ld /UA702As and one Motorola 
H E P 5 9 3 are used. 

the minimum level at which it has been 
set. If the signal falls below this minimum 
level, no output will control the system 
until a signal exceeds the minimum level. 
Only manual control of the system level 
is used. It is possible to provide automatic 
sampling of receiver levels to allow the 
stronger signal to set the system level. 

juA702A stage frequency roll-off was de-
signed to hinder response to noise signals. 
The juA702A level-detector stage provides 
a positive output whenever the input level 
on terminal 3 exceeds that set by the 
level-set potentiometer. The positive out-
put operates the 2N1711 driver tran-
sistor, which in turn switches the lamp on 
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and off in the Clairex 4006 photocell 
module. The resistive element of the 
photocell module controls the HEP593 
amplifier gain. The audio amplifier is not 
completely cut off by the photocell, but 
its gain is reduced by about 40-50 dB. 
This, plus the thermal action of the 
photocell lamp, provides a smooth 
switching action instead of a thump each 

Typical parts layout for an experimental audio 
processor. The HEP593 is shown at top (with 
cooling fins). The two //A702A's are below. 
PC-board pots are used for control functions 
shown in fig. 4. 

time one or the other audio channel is 
activated. A delay loop is also included in 
the second /uA702A stage and is con-
trolled by a 2-megohm pot. This loop, 
plus the rectifier circuit between the 
/uA702A stages, prevents loss of control 

of the audio-amplifier stage during short-
term periods of low input to the first 
/ iA702A; e.g., during brief speech pauses. 

construction 

The construction of the processor 
units is identical. Perforated-board stock 
may be used as shown in the photo. The 
pots are PC-board types, but they should 
be installed as panel controls. The two 
processor units can be packaged into a 
complete assembly to suit individual re-
quirements. Separate speakers were used 
for each audio channel instead of using 
isolating stages to drive a combining 
audio amplifier. The cost of the com-
ponents, compared to that of an addi-
tional simple speaker, didn't justify the 
added complexity. 

The power for the two units is - 6 volts 
at 50 m A and +12 volts at 400 mA, 
which can be supplied by a well-filtered 
transistor power supply. 

adjustment 

When using the audio combiner, each 
receiver should first be adjusted to pro-
vide the same output level for a steady 
input signal. This can be done with the 
receiver controls and the af-level control 
on each processor unit. The processor-
level control should be set to the ground 
end. The processor-level and level-set con-
trols on each processor should then be 
advanced equally so that one receiver just 
controls the system within the smallest 
difference in control settings between 
processor units. That is, a small adjust-
ment of the level-set pot on either pro-
cessor should cause one of the audio 
channels to be activitated. The delay 
control should be set under actual receiv-
ing condit ions so that excessive switching 
back and forth between audio channels, 
when no marked difference in output 
level between channels is noted, does not 
occur. 

reference 
1. Keith Henney, "Radio Engineering Hand-
book," McGraw-Hill, New York, 1959, pp. 
19-118; 24-19; 24-25 to 24-31. 
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push-to-talk 
for a 

styleline telephone 

This simple 

solid-state circuit 

provides complete 

push-to-talk operation 

with the built-in 

recall switch 

included on 

Trimline and 

Styleline telephones 
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Since many of the two-meter fm re-
peaters within range of my base station 
are either controlled by Touch-Tone, or 
about to be, I felt that I had to become 
better equipped. All I really wanted was a 
Touch-Tone pad, but I found that just 
the pad (keys and tone generator) were 
hard to get, although obtaining a com-
plete Touch-Tone telephone was rela-
tively easy. 

Why not get the entire phone? Perhaps 
I could extract the needed Touch-Tone 
pad. I was confident that I could find a 
use for the leftovers. The trim new 
Styleline handsets manufactured by 
Automatic Electric have a Touch-Tone 
pad built into the handset along with a 
recall switch. The recall switch can be 
depressed momentarily to disconnect 
your call. 

I figured I could use the built-in recall 
switch for push-to-talk. I wouldn't even 
have to remove the Touch-Tone pad; I 
could use the entire handset as a micro-
phone. Little did I realize that it wasn't as 
simple as all that! One of the members of 
my radio club pointed out that the 

This circuit can also be used with a Trimline 
telephone handset, editor. 
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built-in recall switch should be used for 
push-to-listen, not push-to-talk, since this 
button is in series with the cradle switch 
and completely disconnects the handset 
from the line. 

One of the club members had taken 
his phone apart and mounted a normally-
open push-button switch in the handset. 
He used the dial-light wires already in the 
cord. But what a job; the handset was so 

When the new Styleline phone arrived 
a quick examination convinced me that 
holding down the recall switch to lis-
ten — not an easy button to oper-
ate — was not the way to go. I didn't even 
think I wanted to operate it as a push-to-
talk switch, trying to hold it down during 
one of my long-winded transmissions. 

I recalled the ordinary dial telephone: 
When the handset is picked up, a switch 
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fig. 1. Automatic transmit control for a telephone set.* With this 
circuit the refay is energized when the handset is removed from 
the cradle. The relay contacts may be used to turn on the 
transmitter or activate a vox circuit. 

jam-packed that he could hardly get it 
back together again. 

Dismayed but not undaunted, I began 
to think about solving this problem. 
Certainly I could activate a relay when I 
took the handset off the hook. This 
would turn the transmitter on; when I 
wanted to listen I could either push the 
recall button down and hold it, or hang 
up. The circuit for this arrangement is 
shown in fig. 1. 

"Styleline telephones are available from Junc-
tion Distributors, 164 Cypress Lane, Nashua, 
New Hampshire, 03060. Styleline Touch-Tone 
handsets are $39.20; Styleline base, desk type, 
$13.25; Styleline base, wall type, $12.45; 
Touch-Tone pad only, $27.20; enclosure for 
Touch-Tone pad, $6.80. Add $1.00 for orders 
west of the Mississippi River. Styleline tele-
phones are available in beige, ivory, blue, 
ebony, green, yellow, avocado, pink and white; 
the Touch-Tone enclosure is available in either 
beige or black. Junction Distributors wilt pro-
vide a complete list of telephone equipment 
upon receipt of a self-addressed, stamped 
envelope. 

connects the telephone to the line. How-
ever, when a number is dialed, the line is 
momentarily broken the same number of 
times as the number dialed. What pre-
vents line disconnection during dialing? 
"Delay," I thought to myself. The cradle 
switch is operated longer (typically much 
longer) than the dialing pulse mechanism. 

I decided I would need two relays: one 
for control, the other for push-to-talk. 
The control relay, activated as soon as the 
handset is lifted from the cradle, would 
have a fast-operate slow-release charac-
teristic so it would ignore the momentary 
operation of the recall switch. The push-
to-talk relay would be controlled by the 
recall switch on the handset. 

The control relay would provide two 
functions; when the handset was still on 
the cradle the relay would insure that the 
push-to-talk output could not be acci-
dentally triggered, and it would make 
sure that the control circuit would always 
go to the receive mode when I hung up 
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the telephone. 
In some installations the push-to-talk 

relay may not be needed. The push-to-
talk relay in the transceiver could be 
driven directly from by the relay-driver 
transistor. However, be sure to put a 
diode across the relay coil to shunt 
transistor-destroying voltage spikes 

the recall switch, would alternately 
change state, thereby providing driving 
logic for the sequential transmit/receive 
modes of the push-to-talk relay. 

power supply 
Several different voltages were avail-

able because I was going to use the 

VCC AUDIO OUT 

fig- 2. Block diagram of the push-to-talk control circuit. Complete schematic Is shown in fig. 3. 

caused by the collapsing magnetic field 
when the coil drops out. 

Since I planned to operate the recall 
switch as a momentary push-to-talk, 
momentary push-to-listen button, I 
needed a memory circuit; a J-K binary 
would be fine. The binary, actuated by 

"As near as I can tell, 
it was frightened to death . . . " 

push-to-talk control assembly at my base 
station. Although 24 volts dc was avail-
able for the relays, instead of dropping 
this down to +5.0 volts for the integrated 
circuits, I decided to use a 6-Vac supply 
and build a small bridge rectifier circuit. 
This would give me 6 Vdc to operate 
the Touch-Tone and the carbon micro-
phone in the handset. 

If the control circuit is to be used in a 
mobile station, the +12 Vdc supply can 
be used with an appropriate voltage-
dropping resistor in place of the bridge so 
that approximately +8 Vdc is available at 
the input of L1 in fig. 3. 

All parts for the power supply came 
out of my junk box. Filtering is quite 
important since any hum on the power 
supply lines will show up as hum on the 
transmitted audio. The chokes I used 
were pulled out of old tv sets. 

The voltage drop across both smooth-
ing chokes must be considered when 
determining correct values for R1, R2 
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and R13. The off-hook Styleline requires 
from 20 to 30 milliamperes of current. 
The lowest voltage at the input of R4 
should not be less than 0.7 volts; other-
wise Q1 will respond to audio inputs and 
cause erratic triggering. R13 is selected so 
that the power rating of the zener diode 
is not exceeded. 

When I first put the circuit together I 
intended to put a capacitance delay cir-
cuit across relay K1. However, I soon 
discovered that the recall switch in the 
Styleline handset had considerable con-
tact bounce. This generated multiple 
pulses each time it was operated with the 
result that it was impossible to determine 

6 VAC 

_ 24V 
J® <? saocMMs 

IN4004 

fVSH TV TALK 
RELAY 

fig. 3. Push-to-talk control circuit for Styleline telephones is 
activated by the built-in recall switch. Integrated circuits U1, U2 
and U3 are part of a Signetlcs 7400 quad two-input gate. U4 is a 
Falrchlld 9601 monostable multivibrator. US is a Sprague 7472 
J-K binary. 

circuit 
Inductor L2 provides additional filter-

ing as well as providing a high impedance 
to audio signals. Capacitor C2 establishes 
a low impedance to audio signals across 
the biasing resistor R3. Both L2 and C2 
are essential to the proper operation of 
this circuit. 

I used 2N2219 transistors in the cir-
cuit because they were available. Any npn 
switching transistor that can withstand 
the relay driving voltage and provide 
adequate driving gain should work. 

the state of the J-K binary. I decided to 
concentrate on solving the contact 
bounce problem and worry about relay 
delay later. 

By adding a Fairchild 9601 inte-
grated-circuit one-shot to the circuit and 
wiring the 0 output back to pin 2, a single 
pulse was produced at the output al-
though many pulses appear at the input. 
The one-shot is triggered from a cross-
coupled-gate pulse-squaring circuit; the 
one-shot output provides a clean clock 
trigger for the J-K flip-flop. 
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t iming 
The one-shot timing circuit (C3, R12 

and CR1) is critical only to the extent 
that there is sufficient delay to insure 
that switch contact bounce has ceased. 
The delay time of the one-shot circuit can 

feature that soon became apparent. 
Rather than adding a delaying circuit 
across the control relay, the 0 output 
from the one-shot was used to maintain a 
holding level for the K1 relay driver 
during momentary operation of the recall 

LINE SWITCH CLOATD 5o«i orr hook IchhkI OFF hook J ON HOOK 

FMTXTUN OFCMTKM 
RTECALL SWITCH H nrr fl i>cv fl xmt fl ri wcv 

ONE SHOT PIN I 

ONE SHOT PIN 9 

HI 
UM 

HI 
UM 

MVERE COKWCT KMNCC OF RECALL AN OtKEHATtS INDCT€RM<N«Tt NUMER 0 OF PULSES 
~ i — — u — i n . 

ONE SHOT INTOMATE3 OOKTACT BXNCC 
/ OCLAY 'MONCNIMTr 0KRATK3* RttALL 9MTH 

_ n n a 

J-K BINARY 0 

PTT RELAY 
EH 
OEEX- 1 w \ "gv /T\ -y Rev pry nCV 

PIN Z GATE U3 ~ i _ n n i — i n n n _ r 

PIN L GATE U3 

PIN 3 6ATE U3 
HI 
IOW 

l»l»ns OUTPUT Of 9*Tt DUHNO MOMCNTMT OfWTOW OF KCML SWTOi 

u — u — L r 
^NUAE NO SHORT FOB REL*Y Z TS> MS?O*> 

i n _ j i r I r 

CN 
DF-L 

J K BINAFRR-
CLEAR INPUT 

" ^ - J \ 
OEMS .HI nwrnr 10 A38UK THIT mMCEMR a / HUM M «CV MODE UM* OH - HOOK 

fig. 4. Timing diagram (or the push-to-talk control circuit. 

be determined from the following 
formula 

T 0.36 RC(1 + 
R 

where R is in kilohms, C is in picofarads 
and T is in nanoseconds. 

Diode C R 1 is used when capacitor C3 
is an electrolytic. This diode prevents a 
reverse voltage across C3. The resistor for 
this circuit should be less than 30k, and 
all timing components must be as physi-
cally close to the circuit as possible to 
reduce noise pickup. 

The one-shot provides an additional 

switch. Although a short off pulse occurs 
(see fig. 4) it is much too short for K1 to 
respond. 

s u m m a r y 

I am using the push-to-talk control 
circuit in fig. 3 in my base station. When I 
hang up the Styleline handset the radio is 
switched to receive and stays in that 
mode until I pick up the handset and 
momentarily push the recall switch. It 
works very well, and provides a good deal 
of satisfaction when I show it off to those 
disbelievers who said it couldn't be done. 

ham radio 
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frequency 
dividers 

for 

ssb generators 

A simple 

frequency-dividing 

scheme for 

generating upper-

and lower-sideband 

mixing frequencies 

for surplus ssb filters 

Some of the mechanical and crystal-
lattice filters obtainable from surplus and 
other sources are not available with the 
necessary crystals for carrier generation in 
a ssb exciter. These crystals should be 
chosen at a frequency 20 dB down the 
skirt of the filter frequency response. 
They are fairly expensive if purchased 
new and surplus crystals are never quite 
on frequency. Here is a way to solve the 
problem simply and inexpensively. 
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The block diagram (in fig. 1) shows a 
method of sideband generation derived 
from the "Sideband Package" described 
by W6TEU.1 It uses only one crystal to 
generate the necessary frequencies to 
produce a high-frequency sideband signal 
that does not shift frequency when 
changing sidebands. The 500-kHz carrier 
generator crystal is used to produce a ssb 
signal at 500 kHz; harmonics of the 
500-kHz signal at 1 MHz and 2 MHz are 
used to heterodyne the 500-kHz signal to 
1500 kHz. Upper and lower sidebands are 
selected by the choice of the 1- or 2-MHz 
injection frequency in the second bal-
anced modulator. 

Fig. 2 shows that the same results can 
be obtained by using a high-frequency 
crystal and a system of dividers to get the 
proper injection frequencies. This circuit 
has the advantage that a lower-cost more 
readily available high-frequency crystal 
can be used; this crystal can be "rub-
bered" in frequency so that it can be 
placed on the frequency corresponding to 
the 20-dB point on the filter curve. 

The schematic diagram in fig- 3 shows 
a practical circuit I used in my solid-state 
ssb exciter. The 1500-kHz ssb signal 
could be used with a 5- to 6-MHz vfo to 
produce a usable signal on the 40- and 
80-meter bands. However, in my case the 
vfo frequency was chosen to produce a 
tunable ssb signal between 6 and 6.5 
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MHz. This signal is heterodyned with 
crystal-controlled oscillators to get to the 
desired amateur band. 

A little arithmetic will show that 
similar schemes can be worked out for 

1500-kHz amplifier. Small toroid coils 
should work as well. 

The diodes in the balanced modulators 
were surplus computer diodes and careful 
matching was not found to be necessary. 

fig. 1. Block diagram of sideband generator derived from the Bigler's Sideband Package. 

other filter and heterodyning frequencies 
by the proper choice of crystal and 
divider ratios. Integrated-circuit fre-
quency dividers can provide almost any 
reasonable divider ratio. 

construction 
The sideband generator was easily 

built with parts at hand, and no special 
selection was found to be necessary. Any 
of the available JK flip-flops should work 
as well as the /ul_923s provided proper 

The amplifier transistors are biased for 
class-A operation by proper choice of the 
resistors in the base circuit. A little 
instability was detected in the 2N2102 
1500-kHz amplifier until the neutralizing 
circuit was added. This consists of a piece 
of wire wrapped around, but not con-
nected to, the base of the transistor; the 
other end is connected to the free end of 
the plate tank circuit. 

The crystal-oscillator circuit worked 
very well, and its output was sufficient to 

AUDIO BALANCED filter J BALANCED 
AMPLIFIER MODULATOR SOOliHt | MOOULATOf) 

ISCOtHi 
AMPLIFIER 

OUTPUT 
o 

SIDEBAND SELECTOR 

FF 2 2MHi 1 
(IMHi) OSCILLATOR J 

fig. 2. Modif ied sideband generator circuit uses frequency dividers for generation of upper-
lower-sideband carriers. 

and 

connections are made and the toggle 
frequency is not exceeded. The tuned 
circuits shown at the outputs of the flip 
flops were added to filter harmonics of 
the divider frequencies. These tuned cir-
cuits were salvaged from Japanese tran-
sistor radios as were the ones in the 

drive the first divider and the second 
balanced modulator without any shaping 
or amplification. 

Other crystals with less activity may 
require higher voltage on the oscillator to 
produce oscillation. In this case it may be 
necessary to limit the drive to the first 
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flip-flop to prevent damaging it. 
You may wonder about the particular 

filter shown on fig. 3. While a 4-kHz 
bandwidth would not be very desirable in 

have a steep skirt and desired out-of-band 
characteristics. 

I hope that the ideas presented here 
will help other amateurs put some of the 

• ItVO vw 

NOTES 

« see rexr 
aooes Me surplus computer Types 
RESISTORS 1/2 W 110% 

C_oSSfl output 

fig. 3. Schematic of the complete ssb package using IC frequency dividers. For components marked 
with an asterisk, see text. Diodes are surplus computer types. 

a receiver or transceiver, it presents no 
problem in a simple ssb transmitter be-
cause the bandwidth is easily restricted in 
the audio system. This permits the use of 
mechanical filters of any bandwidth 
greater than 2.1 kHz as long as the filters 

surplus filters to work in a rewarding 
homebrew project. 

reference 
1. A. A. Bigler, W6TEU, "A Sideband Package," 
QST, June, 1958, page 24. 
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general-coverage 
receiver 

frequency calibrator 

This circuit 

provides 

easily distinguishable 

frequency markers 

to above 30 MHz 

For a number of years my station receiver 
was a ham-bands-only design. When I 
developed an interest in world-wide short-
wave listening I found the amateur 
communications receiver too restrictive 
frequency-wise, so I purchased a medium-
priced communications receiver. 

The first problem was dial calibration; 
there were marks for each MHz point, but 
how did you locate an intermediate 
point? The usual 100-kHz calibrator was 
no help. When the distance between the 
9- and 10-MHz calibration points is less 
than 1/8-inch, how do you determine 
which is the 9.7-MHz marker? 

The circuit described here was de-
signed to locate the desired marker. By 
starting at 1.0 MHz for the main dial 
marks, and switching to 500 or 100 kHz, 
it is easy to locate any 100-kHz point on 
the main tuning dial. In addition, this 
circuit provides strong harmonics well 
above 30 MHz. 
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oscillator 

The integrated circuit used in the 
crystal oscillator circuit in fig. 1 is a hex 
inverter; three inverter stages are used. 

no 
padder 

35 pF 
padder 

table 1. Operation of the integrated-cfrcuit 
crystal oscillator. 

crystal 
frequency 

1.00 MHz 32 pF 
7.68 MHZ 32 pF 

10.00 MHz 32 pF 
10.00 MHz series 
15.36 MHz 32 pF 15339.505 kHz 15.360 MHz 

— 1.000 MHz 
7678.205 kHz 7.680 MHz 
9994.308 kHz 10.000 MHz 
9997.428 kHz 10.000 MHz 

The circuit will work with crystals from 
about 700 kHz to above 15 MHz as 
indicated in table 1. Variable capacitor 
C1 provides a means of adjusting the 
oscillator to precisely the desired fre-
quency. 

loot 
-vw-
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rh /tr rti ft! 
Alternate transistor crystal oscillator circuit. 
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fig. 1. Integrated-circuit crystal oscillator circuit uses Hex Inverter, 
Motorola MC3008 or Tl SN74H04. Alternate transistor oscillator Is 
shown on page 28. 

Since this is a fundamental crystal 
osci l lator circuit overtone crystals 
oscillate at their fundamental. The out-
put waveform is rich in harmonics. An 
alternate transistor oscillator is shown on 
page 28. 
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fig. 2. Frequency divider uses TTL. in-
tegrated circuits. Arrangement in (A) 
provides output at 1.0, 0.5 and 0.1 MHz, 
while (B) provides output at 1.0, 0.2 and 
0.1 MHz. 

The two T T L integrated circuits used 
in the frequency divider are very fast. The 
circuit in fig. 2A is a divide-by-two 
section followed by a divide-by-five 
section.* With the connections shown in 
fig. 2 two sets of frequency markers are 
avaiable, 1000, 500 and 100 kHz (fig. 
1A) and 1000, 200 and 100 kHz (fig. IB) 

construction 
The receiver calibrator is built into a 

small mini-box with switches S1 and 
S2 (power) located on one end. I used a 
miniature 3-pole, 3-position lever switch 
for S1, but a rotary switch could be 
used. Power is provided by the low-volt-
age supply in the solid-state general-
coverage receiver. A portable supply 
could be made from three V/2-volt dry 
cells. 

operation 
With this circuit I had no problem 

with the oscillator starting or divider 
operation with the crystals I tried. The 
alternate transistor oscillator circuit did 
require capacitor substitution to get close 
enough for the trimmer capacitor to set a 
zero beat with WWV. For highest 
accuracy the unit should be calibrated 
against WWV with the divider set to the 
100-kHz position. 

ham radio 

*Other divide ratios can be obtained by internal 
or external gating. For more information see 
Texas Instruments Bulletin CA-102, "Counters 
and Shift Registers." 
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integrated-circuit 
single-sideband 

speech 
processor 

This high performance 

speech processing circuit 

provides more than 

4 dB intelligibility 

threshold improvement 

with no distortion 

Speech processing is one of the most 
popular topics for discussion among 
groups of amateur radio operators. When 
DXers gather at club meetings, sooner or 
later the talk turns to speech clippers, 
speech compressors, rf clippers and ale 
circuits. This is only natural. When the 
active DXer has put up the best antenna 
he can afford, as high as possible, and is 
using maximum legal power, the only 
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way he can further improve his signal is 
through some method of speech pro-
cessing. 

Many excellent articles have been 
written on this subject. I highly recom-
mend that you carefully review the 
articles listed in the bibliography. W6JES, 
W1DTY and K1YZW set forth the basic 
facts of speech processing and indicated 
that rf clipping is the best system for ssb 
communications work. 1 ' 2 K6KA clearly 
shows that background noise must be 
completely absent when using any type 
of speech processing.3 K1YZW shows 
why simple speech clipping should not be 
used with ssb equipment.4 

time constants 
In an audio-frequency speech compres-

sor the ideal attack time should be less 
than 1 millisecond, and the release time 
should be faster than 10 milliseconds. 
However, the problem with such short 
time constants has been distortion which 
is caused by phase shift within the con-
trol loop. With the very complex internal 
circuitry of the IC used in the speech 
compressor in fig. 1 no phase-shift 
problems are encountered when using 
even shorter time constants. As long as 
the release time-constant is longer than 
several cycles of the speech waveform, 
there is very little distortion. 

performance 
The only way to evaluate accurately 

the actual improvement offered by a 
speech processor is to measure the Intel-
ligibility Threshold Improvement ( ITI) . 
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To do this, a test path is set up where the 
unprocessed ssb signal is just barely under-
standable in the presence of white noise. 
The speech processor is switched in and a 
calibrated attenuator inserted in the line 
to the communications receiver. Attenua-
tion is increased until the processed ssb 
signal is again just barely understandable; 
the value of attenuation is the ITI in dB. 

While running ITI tests between my 
station and the club station, VK9UC, I 
found that the actual ITI measurement 
was very subjective: Under the same 
operating conditions different operators 
come up with different values for ITI. 

The IC speech compressor in fig. 1 
measured approximately 4-dB ITI with 
18-dB peak limiting. With this circuit 
peak limiting can be as great as 28 to 30 

quoting up to 10-dB ITI with a 20-dB 
peak-limiting rf clipper. 

My reasons for selecting this type of 
speech processor are ease of installation 
and adjustment, satisfactory IT I without 
distortion and low cost. On all of these 
points the compressor is better than 
adding an rf clipper to your transmitting 
setup. Many of the rf clippers I have 
heard on the air produce noticeably more 
distortion than this circuit. This may be 
due to the adjustment and installation 
problems encountered when adding an rf 
clipping circuit to an existing ssb trans-
mitter. 

circuit 

The National LM170, LM270 and 
LM370 are a family of IC amplifiers with 

fig. 1. Schematic diagram of the IC audio speech compressor. 

dB before objectionable distortion 
occurs. With ordinary long-time-constant 
speech compressors ITI is only about 1 
dB. After running these tests I feel that 
many authors are overly optimistic when 

built-in age systems.* For amateur use 
the LM370 is completely adequate; the 
LM170 and LM270 are more expensive 
devices that have tighter operating specifi-
cations and extended temperature ranges. 
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The LM370 amplifier circuit, built into a 
TO-5 transistor package, contains 34 tran-
sistors and 20 resistors. 

Transistor Q1 in fig. 1 is used in a 
low-noise, low-gain stage which amplifies 
the microphone input slightly to drive the 
LM370 IC into its compression range. 
The 5k compression control is a variable 
emitter resistor which controls the gain of 
the stage. This effectively varies the 
amount of compression; maximum resist-
ance coincides with minimum com-
pression. 

The input impedance of this stage is 
sufficiently high for use with high-
impedance microphones. I normally use a 
low-output 200-ohm dynamic micro-
phone, and there is sufficient range to 
provide plenty of compression. 

The input, output and power leads are 
filtered for rf as are the base of transistor 
Q1 and pins 1 and 10 of the LM370 
integrated circuit. The 0.03-juF capacitor 
connected to pin 1 of the IC provides 
some roll-off for high audio frequencies. 

The 0.5-juF capacitor from pin 2 to 
ground determines the attack and release 
times of the circuit Attack time is 

fig. 2. Negative-peak distortion with 18-dB 
compression (see fig. 3). 

•The LM170, LM270 and LM370 agc/squelch 
amplifier integrated circuits are manufactured 
by National Semiconductor Corporation, 2975 
San Ysidro Way, Santa Clara, California 95051. 
The LM370 is priced at $4.50 in small quan-
tities. 

approximately 0.5 millisecond, and re-
lease time is about 10 milliseconds. I 
found during compression that there was 
quite a bit of negative-peak distortion due 
to charging this capacitor to 1.5 volts (see 

fig. 3. By biasing pin 2 of the LM370 IC at +1.5 
volts, there Is no negative-peak distortion at 
18-dB compression. 

fig. 2). When the voltage on pin 2 is less 
than +1.5 volts, there is no compression, 
so I biased the capacitor to about the 
+1.5-volt level. This completely cleared 
up the distortion as shown in fig. 3. 

Since the voltage on pin 2 is related to 
the compression level I added a dc ampli-
fier (Q3) and a 200-microamp meter as a 
compression indicator. To set up the 
meter circuit, disconnect the 390k re-
sistor from pin 2 and connect it to +1.5 
volts dc. Adjust the 1000-ohm potenti-
ometer until the meter reads some con-
venient level about two-thirds full scale. 
Reconnect the 390k resistor to pin 2. 

Now, with the compressor on, but 
with no input signal, adjust the 5k bias 
control until the meter reads to the 
same two-thirds point or slightly less. 
This reading will drift slightly with 
ambient temperature changes. This is 
all right as long as the meter does not go 
over the two-thirds point (pin 2 not over 
+1.5 volts). 

In normal operating the meter will 
flick somewhat higher with compression. 
The higher the meter reading, the greater 
the compression; with no movement of 
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the needle, there is rio compression al-
though the unit still operates as a pre-
amplifier. Some high-output microphones 
will produce occasional voice peaks which 
will be compressed even with the com-
pression control turned fully down. 

Transistor Q2, along with the internal 
circuitry of the IC, provides detection of 
the negative audio peaks. There is no 
current flow through Q2, and no com-
pression, until the negative voice peaks 
exceed a certain level. 

The base of Q2 is biased to one-half 
the supply voltage. The emitter voltage is 
set with the 5k potentiometer to provide 
an output from zero to several hundred 
millivolts. If this pot is set too near the 
zero-output point a severe transient pulse 
appears at the output of each syllable. 
Other than this the setting, this potenti-
ometer is not critical. With the wiper of 
the 5k pot set at its lower end you will 
obtain maximum output and a compres-
sion range of about 28 dB. 

If you have an oscilloscope and an 
audio signal generator you can experi-
mentally check various settings of this 5k 
emitter potentiometer. I have found that 
there is one point where you obtain 

maximum overall compression range 
before distortion occurs, and this varies 
from one LM370 to another. The im-
provement in compression range in only a 
matter of a few dB so it may not be 
worth the effort. 

Since the circuit requires about 13 mA 

I included a simple ac power supply 
rather than using batteries. When I first 
built the unit I used batteries, but I often 
forgot to turn the compressor off when I 
closed down the station, and in only a 
few days the batteries would be dead. If 
you're only going to use the compressor 
for amateur communications (I also use 
mine when tape recording speech) the 
+14 volts may be taken from your trans-
mitter power supply. The zener diode is 
not really necessary and may be left out, 
although the supply voltage will increase 
slightly. 

My compressor is built into a small 
metal cabinet as shown in the photo-
graphs. Two printed-circuit boards, 
shown in fig. 4, are used. One circuit 
board contains the IC-compressor circuit; 
the other holds the final filter capacitor 
and metering circuit. 

operation 

When my wife and children, with their 
high-pitched voices with many peaks, 
speak into the microphone, the com-
pressor is worth its weight in gold. With a 
normal male voice the compressor pro-
vides at least 4 dB improvement. Al-

though this is substantial it is not going to 
make you top dog in the DX pileups. 
Although your peak power remains the 
same, a 4-dB improvement in peak to 
average power ratio is approximately 
equivalent to increasing your transmitter 
power from 100 to 250 watts. 

fig. 4. Full-size printed-circuit boards for the speech processor. Board on left contains IC and 
associated components; board on right holds final filter capacitor and meter circuit. 
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If your transmitter power supply sags 
with this higher output power the speech 
compressor will not provide much on-
the-air improvement. Also, if your trans-
mitter uses tv sweep tubes in the final 

Construction of the speech processor. Power 
supply is located behind the shield. 

amplifier you will probably be replacing 
them more often because the higher 
average power will result in greater heat 
dissipation and shorter tube life. This is 
where the compression control and meter 
come in handy; when signals are good I 
usually run the compressor so the meter 
only occasionally flicks upward, indicat-
ing occasional compression of voice 
peaks. This gives maximum tube life and 
prevents overdrive and splatter. 

When my wife and children are talking 
I use more compression, and they get 
through solidly. When signal conditions 
are bad, or rare DX appears, I use 
maximum compression to provide maxi-
mum talk power. 

references 
1. H. G. Collins, W6JES, "Ordinary and Pro-
cessed Speech in SSB Application," QST, Janu-
ary, 1969, page 17. 
Z J. R. Fisk, W1DTY, "Speech Processing in 
Amateur Equipment," ham radio, June, 1968, 
page 60. 
3. E. H. Conklin, K6KA, "Audio Compressors 
and Clippers," ham radio, April, 1969, page 24. 
4. W. Schreuer, K1YZW, "Speech Clipping in 
SSB Equipment" ham radio, February, 1971, 
page 22. 
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electronic 
speed conversion 

for 

RTTY teleprinters 

A reliable and 

accurate alternate 

for gearbox 

speed translators 

is this converter 

using ujt clocks 

and IC counters 
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Many RTTY operators are interested in 
using their teleprinters at speeds higher 
than 60 wpm for activities such as punch-
ing tape (e. g., operating a model 19 
teleprinter* at 75 wpm to obtain hard 
copy while punching), MARS work, 
snooping around the commercial frequen-
cies for press copy, or for possible multi-
speed operation in the amateur bands 
should a current proposal before the FCC 
be adopted.1 

Such operation requires at least two 
machines, one operating at 60 wpm and 
another for higher speeds. If more than 
one higher speed is of interest, more 
machinery will be needed. Most RTTY 
operators use the higher speeds only 
occasionally so the high-speed machines 
are idle most of the time. Even with 

'This equipment and other RTTY gear is dis-
cussed in "First Steps in RTTY" by Chuck 
Schecter, W8UCG, which appeared in the June, 
1971 issue of QST. editor 
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multiple-speed authorization, 60 wpm 
will probably be the predominant RTTY 
speed, since most machines currently in 
use operate in this range. 

Owners of model 28 machines may use 
a gearbox to print at two or three 
different speeds — if their pocketbooks 
can stand it. However, such items are 
expensive and hard to come by through 
surplus sources. 

An alternate approach, suggested by 
W6JVE, is to use electronic speed con-
version. A few years ago this method 
would have been impossible. Today, ICs 
and other sophisticated solid-state devices 
make electronic speed conversion easy 
and relatively inexpensive. In the con-
verter shown here, only 10 ICs and 7 
transistors are used (excluding those in 
the power supply). 

operation 
The logic diagram of the speed con-

verter is shown in fig. 1. Its input is 
connected to a terminal unit and the 
output to a model 28 printer operating at 
100 speed (a model 15 may be used at 75 
speed). 

The speed converter receives slower-
speed teleprinter signals and temporarily 
stores each character (one at a time) in a 
shift register. It then makes a parallel 
transfer to the output shift register and 
transmits the character to the model 28 
printer at a 100-wpm rate. While the 
speed converter is transmitting the char-
acter to the model 28 printer, it is ready 
to receive another character. The receiv-
ing speed can be anything less than or 
equal to the converter output speed. 
Speed selection is by a switch that 
changes the timing resistance in the re-
ceiving section unijunction oscillator 
clock. 

In addition to the speed-converted 
output, an additional output is provided 
that is equal to the receiving speed. This 
output is a regenerated replica of the 
input signal and can thus be used for 
bias-free retransmission. 

Transistor-transistor logic is used 
throughout. The shift registers are five-bit 
registers (on one chip) plus a single 
type-D flip-flop to make the registers six 
bits long. The receiving section counter is 
composed of four type-D FFs. The 
original speed converter used a four-bit 
dtl counter when ttl prices were relatively 
high. Now, at the physical expense of 
another chip package, it's cheaper to 
make the counter from discrete FFs. 

The input section consists of W6JVE's 
standard voltage interface.2 (Alternate 
arrangements are shown in figs. 2A and 
2B.) Since the standard for mark and 
space is a negative and positive voltage 
level respectively, the output of Q1 is 
+mark and is thus labeled +data. The in-
put impedance of TTL logic is fairly low, 
so Q1's output is buffered by inverters, 
two of which are necessary to preserve 
signal sense. 

The input of the six-bit receiving shift 
register is half of a 7474 dual type-D 
flip-flop. This ff provides the regenerated 
output signal at the same speed as the 
incoming signal. Thus, its noninverted (Q) 
output is connected to the standard 
voltage interface output circuit. Although 
not shown, Q4's collector is returned to a 
negative voltage source through the 
standard voltage interface hub. An alter-
nate output arrangement is shown is fig. 
2C. 

receive clock 
The receiving shift register clock is 

controlled by a latch composed of cross-
coupled 3-input and 2-input NAND gates 
(IC-1A, IC-2A). During a start pulse 
(space), -t-data goes low setting the latch 
and thus turning off Q2, the control 
transistor for the ujt clock, Q3. The 
timing capacitor, C1, now charges to the 
firing point of Q3 through one of the 
switch-selected timing resistor combina-
tions. The period of oscillation is set to 
twice the Baud rate by the network RC 
time constant (see table 1). 

The 50 fiH choke in the base-1 lead of 
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Q3 provides an output pulse width of 
approximately one microsecond. The 
1N270 diode prevents the output from 
going negative after Q3 turns off. 

counter 
Since the receiving clock oscillation 

frequency is twice the Baud rate, the first 
pulse out of Q3 occurs halfway into the 
start pulse (11 ms for 60-speed recep-
tion). This pulse is applied to the counter 
(U9, U10) through an inverter so that 
the counter toggles to 0000 (previously 
1111) on the falling edge of Q3's pulse if 
the received signal is still spacing. (Note 
that the 7474 ff is positive-edge triggered.) 
If the signal is not spacing at this time, 
the counter is inhibited from toggling, 
and -false start resets the latch. Assuming 
it is spacing, the first stage of the counter 
divides the output frequency of Q3 by 
two and provides clock pulses to the shift 
register. The inverted (Q) output of the 
first counter stage goes from low (0) to 
high (1) half a bit-time into the start 
pulse and thus provides +clock-in to the 
shift register. After the clock pulse rises 
the data at the input of ff U5A shifts to 
its output. The input data is now free to 
change without affecting flip-flop output. 
The start pulse is now briefly stored by 
this flip-flop. 

The operation above repeats for all 
five selecting pulses and the stop pulse of 
the incoming character. Each positive 
transition of the clock pulse shifts the 
data one stage to the right. Since the start 
pulse isn't needed in the speed-conversion 
process, the start pulse is allowed to shift 
out of the right end of the shift register 
so that the five selecting pulses are stored 
in the five-bit shift register, U7. Note 
that the input to U7 is from the inverted 
(0) output of ff U5A; thus the parallel 

fig. 1. Speed converter logic diagram. The value 
of C2 is for output speed of 100 wpm (see table 
1 and text). Except as noted all resistors are 
0.25 watt, 10% tolerance. Capacitors C1 and C2 
are 100-volt Mylar, 10%. Capacitor values 
shown may require up to 5000 p F of padding 
due to a wide variation in unijunction transistor 
characteristics and capacitor tolerance (see 
text). 

table 1. Timing resistor values for various speed 
and Baud rates. 

speed and input 
Baud rates clock frequency resistors* 

60 speed 45.45 90.90 Hz R2 = 174 
67 speed 50.00 100.0 Hz R2 = 174 
75 Speed 56.67 113.3 Hz R 3 = 147 

1O0 speed 74.2 148.4 Hz R4 = 110 

Output clock frequency = Baud rate of desired 
output speed. Select C 2 for desired output 
speed (e.g., 100 wpm, C2sa0.047 jUF; 75 wpm, 
C2SS0.062 J IF} . 

*1% tolerance 

output of U7 is - data. The stop pulse is 
stored in ff U5A, which provides the 
stop pulse for the regen output. 

sequencing 
Each clock pulse from the first stage 

of the counter increments the last three 
stages of the counter by one. (We'll 
ignore the first stage of the counter for 
counting purposes since the first stage is 
not in decoding but only for the shift-
register clock pulses.) The output of 
U1B (-stop) resets the clock control 
latch when the counter reaches 6 (110 
counted from right to left in the 
counter). This normally occurs during the 
stop-pulse interval. Q2 is turned on by 
the reset latch, and thus the receive clock 
is inhibited from producing further out-
put. 

If it were not for gate U2D and 
inverter U3C, U1B would see a count 
of 6 when the counter turns to 0000 at 
the beginning of the receiving cycle when 
the first clock pulse is produced. This is 
due to the nonzero propagation delay of 
the counter ffs. Thus U2D inhibits the 
brief glitch that results when the counters 
turn to 0000 by first inputing a low signal 
to U2D several nanoseconds before U9B 
reaches 0. Note that U9B reaches 0 
while U10A and U10B are still 1, and 
thus a false count of 6 is produced. U2D 
prevents this false count from reaching 
the 6 decode gate, U1B. When the count-
er actually toggles to a count of 6 
U2D allows this count to pass to the 
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decode gate, since the first ff is set to a 1 
(with the signal line marking during the 
stop interval). If the signal line is not 
marking, the next clock pulse will toggle 
the first flip-flop to a 1. 

Thus the receiving portion of the 
speed converter stops during the stop-
pulse interval regardless of whether the 

completes the race loop, since the (0) 
output of the counter's second stage is 
now low, and the count is seven thus 
causing the output of the six decode gate, 
-stop, to go high, which is where the race 
started. 

The speed converter receiving section 
is now ready to receive another character, 

*5V 
*lgOV 

LOOP SUP 3*,IOW (00mA, IP) 

e 
fig. 2. Alternate input circuits are shown in A and B; an alternate output circuit appears in C. 

stop pulse is present. Such action is quite 
unlike a mechanical selector, which keeps 
operating if the stop pulse is missing, 
leading to synchronization problems. 

We now have received the character, 
and the next step is to transfer it to the 
output register and reset the counter for 
the next receiving cycle. 

At this point assume that a normal 
stop pulse is present. U1C detects +mark 
(from the +data line) AND +6 causing its 
output to go low, which presets the first 
stage of the counter to a logical 1. 

The second stage of the counter is 
preset by a race pulse initiated by the 
-stop signal as follows: The low -stop 
signal presets the last stage of the output 
shift register (U5B). The (0) output of 
U5B goes low, which causes the output 
of U8, an 8-input (only 6 used) NAND 
gate, to go high. This signal, +start, is 
ANDED together with +6 AND mark 
from U1C and U3D to preset the second 
stage of the counter to a logical 1. This 

since the -stop signal has been removed 
from the latch, and the received character 
stored by the input register has been 
loaded into the output register for 
transmission. 

output circuit 
The method used to control the out-

put-section clock is to detect space signals 
in the register and keep the clock on until 
all spaces have been shifted out. Even if 
the received character is a Ltrs function, 
one space will be present because the (G) 
output of U5B is low as a result of the 
race pulse. This low output provides the 
start pulse and also turns on the unijunc-
tion oscillator clock by causing a high on 
the +start line. In the case of a Ltrs 
function, only one clock pulse is gener-
ated. The pulse occurs approximately 13 
milliseconds (for 100 speed) after U5B 
has been preset by the race pulse. The 
clock pulse shifts the data one stage to 
the right and shifts in a -mark at the left 
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end (serial input is grounded, thus 
-mark). 

When the start pulse has been shifted 
out the right end all the inputs to U8 are 
high, which causes +start to go low, and 
the clock turns off. If the character K had 
been received, for example, a space pulse 
would have been loaded into the first and 

sary. The pins of the ICs can be pushed 
through the holes in the board and the 
interconnection wires soldered directly to 
them. Use Vector T-42-1 Micro-Klips to 
mount the discrete components. 

All npn transistors are Motorola 
MPS834 or equivalent. Diodes D1 and D2 
must be germanium — 1N270s are pre-

r*^ 

Internal parts arrangement of the R T T Y speed converter. I used sockets, but the ICs could have been 
mounted directly on the Vectorboard with the leads pushed through the holes fn the board. 

the last stage of the output shift register. 
The space pulses move one stage to the 
right after each clock pulse until the last 
pulse is shifted out. At this time the clock 
is turned off because all the inputs to 
U8 are high. 

The output cycle is now complete and 
ready to receive another character from 
the input section. 

construction 
The ICs, transistors, and other discrete 

components were mounted on type 
169P59/047 Vectorboard. Sockets can be 
used to mount the ICs but aren't neces-

ferred. Silicon diodes cannot be used 
because of their high voltage drop, which 
allows the unijunction oscillator output 
to go too far negative when it turns off. 
Q4 and Q5 are Motorola MPS3703 or 
equivalent pnp transistors. 

Although the noise immunity of T T L 
logic is better than RTL logic, TTL gener-
ates a bit more noise. This is especially 
true of the shift-register chips. It's a 
good idea to solder 0.01-MF disc ceramic 
bypass capacitors between the Ve e and 
V c c pins of the shift register chips to 
prevent their noise pulses from being 
distributed to the other chips. 
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A suitable power supply is shown in 
fig. 3. Be sure to insulate the 2N4921 
from the heat sink (chassis) with the mica 
washers supplied with it. Verify that the 
power supply is working correctly before 
connecting it to the logic. 

Five-percent resistors were originally 
used in the timing networks of the 
unijunction oscillators. However, con-
siderable improvement in long-term 

thousand pF to place the desired clock 
frequency in the center of the output 
pot's range. If a counter is not available, 
use a calibrated oscilloscope. Lacking 
this, temporarily remove the preset input 
to U9A (pin 4), ground the base of Q2 
instead of Q6, place a mark signal on the 
input of the converter, then slowly turn 
the pot until the receiving machine prints 
Ltrs and then something other than Ltrs 

fig. 3. Suggested power supply. The 2N4921 transistor is bolted to the chassis (use mica insulating 
washers). 

stability was found through the use of 
one-percent precision resistors. Stability 
on the order of one or two Hz over a 
period of several months has been ob-
tained with precision resistors and ten-
percent mylar capacitors. Unlike resistors, 
the tolerance of mylar capacitors doesn't 
appear to be an indicator of their 
stability. 

initial operation 
Before applying power check the 

speed converter for wiring errors. This 
doesn't take much time and can eliminate 
a lot of problems that might otherwise be 
hard to track down. 

If a frequency counter is available, 
connect it to the base-1 lead of (Q7). 
Ground the base of Q6 and adjust the 
associated pot for a frequency of 74.2 Hz 
for 100-wpm operation (56.7 Hz for 75 
wpm). 

Due to a wide variation in unijunction 
transistor and capacitor tolerances, the 
value shown for C2 is minimum. It may 
be necessary to pad C2 with a few 

function. Place the pot midway between 
these two points. Remove the ground 
from Q6 if still present and replace the 
preset input lead to U9A if removed. 

receive clock adjustment 
The receiving clock frequency should 

equal twice the Baud rate of the selected 
receiving speed. Place the input-speed 
switch to the 60-wpm position, ground 
the base of Q2, and adjust the 60-wpm 
pot for 90.0 Hz at base-1 of Q3. Set the 
speed switch to 67 wpm and adjust the 
67-wpm pot for 100.0 Hz. Capacitor C1 
may require some padding to get the 60-
and 67-wpm clock frequencies to fall 
within the range of their respective pots. 
After this, the pots for 75 and 100 wpm 
may be adjusted for their respective clock 
frequencies. 

If an oscilloscope or counter is not 
available, the receiving clock can be ad-
justed by printing a teleprinter test signal 
of the desired speed. The test signal 
should be at machine speed. At first the 
printer may print garbage because the 
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clock is too far out. Carefully adjust the 
appropriate pot until the printer prints 
correctly. Find the minimum and maxi-
mum points of the pot that give good 
copy, then carefully center the pot 
between these two points. (Note: Neither 
control transistor's base should be 
grounded with this method.) 

If a frequency counter isn't used to 
adjust the output clock frequency, the 
adjustment should be refined by making 
range measurements on the printer. Re-
adjust the output clock frequency for 
maximum printer range while receiving a 
test signal. 

troubleshooting 
Be sure the wiring is correct. It's 

sometimes helpful to have a friend 
double-check the wiring — you may con-
sistently overlook a mistake. 

The unijunction oscillators should 
free-run whenever the base of the associ-
ated control transistor is grounded. If 
not, check the base-2 supply voltage. 
Check the voltage across the timing capa-
citor; it will resemble a sawtooth wave-
form when the oscillator is running. The 
oscillator may not be working due to an 
open charge path to the capacitor, or the 
capacitor may be leaky. Check the con-
trol transistor by lifting its collector lead 
from the unijunction emitter. 

If the speed converter works only 
partially chances are one or both clock 
oscillator frequencies are not correct. 
Recheck them. Also check the input 
waveforms — the output of Q1 should be 
no more than 0.3 volt for a space and 
greater than 2.5 volts for a mark. 

Is the regen output working correctly? 
If so, the receiving portion of the speed 
converter is working correctly. If not, 
check the various logic signals with an 
oscilloscope. 

If the trouble appears to be in the 
output section, check to see if the clock 
comes on at all right after a character has 
been received. If the input of the speed 
converter is spacing, the speed-converted 
output should also be spacing (running 

open). If not, the last stage of the shift 
register is not being preset or its (Q) 
output is not connected to U8. The 
clock should definitely run when the last 
stage is preset. 

Check the logic levels to the output 
(hub driver) transistor. 

If certain bits are consistently garbled 
there may be trouble in loading the 
output register. 

conclusion 

Operation of the speed converter has 
been quite reliable. At the beginning of 
the project it was feared that the unijunc-
tion clocks wouldn't exhibit sufficient 
long-term stability and that crystal clocks 
with dividers would be in order. Such is 
not the case — the unijunction clocks 
have been quite stable with precision 
resistors and mylar capacitors in the 
timing networks. 

Printing accuracy of the speed-con-
verted machine is not much different 
than that of a machine geared to the 
desired speed under adverse receiving 
conditions. Oftentimes copy is better on 
the speed-converted machine than on the 
directly geared machine, probably due to 
the improved synchronization of the con-
verter's receiving section to the incoming 
teleprinter signal. 

With the possibility of multiple-speed 
authorization by the FCC for the amateur 
bands, the speed converter should be a 
valuable asset to any R T T V station. By 
suitable transistor switching, the receiving 
speed of the converter may be changed 
by control signals from an electronic 
character recognizer or a stuntbox to 
allow any of the standard speeds to be 
programmed into the converter by the 
received signal. Alternatively, suitable 
logic could be added to recognize what 
speed is being received and then change 
the receiving speed of the converter to 
that of the incoming signal. 
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high-power 

linear amplifier 
The Eimac 8874 is a new ceramic/metal, 
high-mu triode rated for use up to 500 
MHz. Operation of this tube in separate 
144, 220 and 432 MHz amplifiers has 
proved that it is an excellent performer 
up to 450 MHz. This article describes a 
220-MHz linear amplifier that uses the 
8874. 

The 8874 has good division between 
plate and grid current and low intermodu-
lation distortion. The tube has a plate-
dissipation rating of 400 watts and mu of 
approximately 160. The cathode is 
indirectly heated, and filament require-
ments are 6.3 volts at 3.2 amperes. 

The 220-MHz amplifier described in 
this article is designed for the serious 
DXer who works tropo-scatter as well as 
for tiie very serious experimenter who is 
trying to work moonbounce or meteor-
scatter. The compact amplifier uses a 
grounded-grid circuit with a half-wave 
open plate line and lumped T-network 
cathode input circuit. The amplifier is not 
touchy in operation, requires no neutrali-
zation and is completely stable and free 
of parasitics. 

The amplifier is intended for 50 per 
cent duty operation at the 1000-watt dc 
input level and can develop 1000 watts 

for 
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PEP input for ssb operation.* For 1000 
watts PEP input the plate voltage should 
be 2000 volts. The plate current under 
key-down conditions will be 500 milli-
amperes. Without speech processing the 
plate current for one kilowatt PEP input 

27 pF). The network consists of one 
series capacitor and two series inductors 
with one shunt capacitance. Electrically, 
the network has two inductive reactances 
in series with a shunt capacitive react-
ance. The variable capacitor, C1, is in 

fig. 1. Schematic of the high-power lin-
ear amplifier for 220 MHz. A cathode-
driven grounded-grid circuit is used with 
a T-match input circuit. No neutraliza-
tion is required, see fig. 2 for parts 
identification. 

9+2000 V 

OUTPUT 

50 OHM,-mfvr th-

under voice conditions will be about 200 
mil I iam peres. Do not talk the amplifier 
up to 500 milliamperes on ssb! If you do, 
the amplifier will be overdriven and will 
cause splatter and distortion. The ampli-
fier will deliver 580 watts output; drive 
power will be 29 watts. Stage gain is 13 
decibels at an amplifier efficiency of 58 
per cent. 

input circuit 
The cathode input matching circuit is a 
T-network which matches a 50-ohm 
termination to the input impedance of 
the tube (about 94 ohms in parallel with 

*For a discussion of the ratings for this type of 
operation read the article, "Intermittent Voice 
Operation of Power Tubes," in ham radio, 
January, 1971, page 24. 

series with L I {see fig. 1) to allow the 
input inductive reactance to be varied. L I 
is larger than the network calculations 
call for; by placing a variable capacitor in 
series with L1 the correct value of induc-
tive reactance can be obtained by varying 

table 1. Performance data. The conditions most 
suitable for amateur ssb at 1000 watts PEP 
and 100 watts cw are as follows: 

Plate voltage 2000 V 
Plate current (Idling) 20 mA 
Plate current (single tone) 500 mA 
Grid voltage -12 V 
Grid current (single tone) 73 mA 
Power input 1000 w 
Power output 5BO W 
Efficiency 58 % 
Drive power 29 w 
Power gain 13 dB 
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fI«MC 008292 COLLET 
MOVN revoNRmG 

EIUAC 006294 C0LL.IT 
MOUNTED ON Al«Ca 

TEFLON MB CMMNCr 
1.624 LONG. I.«5 10 

SPiSS RING 
I 735 ID, 2.665 00 

C I 15-pF variable (Hammarlund M A P C -
15) 

L I 0.8 MH> 4 turns no. 14, 5/16" diam-
eter, V2" long 

C2 SO-pF variable (Hammarlund M A P C 
50) 

L 2 0.03 /b£H. 1 turn no. 14, l h " diameter, 
Vj" long 

C3 1000 p F , 2500 volts (Er ie 1270-010) 

C4 100 p F , 5000 volts (Centralab 850S-
100} 

C5 500 p F (Centralab 858S-500) 

C6 1.75" diameter disc approximately 
0 .4" from plate line. 

C7 1 .50" diameter disc approximately 
0 . 3 7 5 " from plate line 

L 3 . L 4 , 10 turns no. 16 Formvar, 5/16" 
diameter 

L 5 10 turns no. 14, 3/8" diameter, 
7 / 8 " long 

L 6 see fig. 3 

T l 6 volt, 4 amp filament transformer 
{Stancor P6376) 

Blower Is Dayton 2C782 

F T are 500-pF feedttirough capacitors (Erie type 327) 

fig. 2. Exploded view of the 220-MHz power amplifier. 

the capacitor. The two variable capacitors 
allow the network to cover a wide range 
of impedance transformations. 

The variable capacitor C1 is mounted 
on the bottom side of the input circuit 
chassis. The shunt capacitor, C2, is also 
mounted on this side of the chassis to 

allow easy adjustment from the bottom 
of the amplifier. Front panel access to 
these two controls did not seem desirable 
since these adjustments don't require 
attention very often. 

The layout of input circuit compo-
nents is seen in the photographs. The 
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Cathode input circuit, cathode terminals are interconnected 
with small copper plate. Filament chokes L3 and L4 are at 
top. Cathode input matching circuit Is at the lower right 
inside the box. 

input network is in the chassis box at the 
left. Capacitor C1 is the smaller capacitor 
adjacent to the rf input coax fitting. L1 is 
the coil running between the adjacent 
variable capacitors, C1 and C2. The one-
turn inductance between the center of 
the tube socket and the variable capacitor 

C2 is L2. This coil is terminated in the 
center of the copper plate connecting all 
cathode leads together to keep the path 
length to all cathode leads the same. 

The photograph of the socket assem-
bly shows the control-grid collet assembly 
which is used to ground the control grid 

2 2 O L6 O 
t 1 
i 

2 

- — - 3 1 • „ 6 J - * - — - 3 1 • 

T ~ 
^ - j | 

fig. 3. Plate line for the 220 MHz amplifier. 
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and to mount the socket. The control-
grid contact is an Eimac 008292 collet 
soldered to a 1/16-inch thick copper ring, 
two inches in diameter with a hole 1-7/16 
inches in diameter in the center. The 
three mounting screws are 4/40 captive 
stainless studs, 1/4-inch long, and are 
positioned to line up with the holes in the 
Johnson socket (Johnson 124-311-100). 

Standby plate current of the 8874 is 
reduced to a very low value by use of a 
10k, 25-watt cathode resistor which is 
shorted out when the amplifier vox cir-
cuit is energized, permitting the tube to 
operate in normal fashion. A 200-ohm 
safety resistor insures that the negative 
power circuit of the amplifier does not 
rise above ground potential if the positive 

Amplifier with front panel removed. Cathode input circuit Is in box at left 
with tuning capacitors C I and C2 mounted on bottom. The 8874 tube socket, 
with cathode terminals interconnected by a small copper plate, is mounted to 
the rear of the box. At center are the resistors, zener diode, 1N2071 diodes 
and the zener protection fuse. The shaft at the right Is the plate circuit tuning 
control. 

The amplifier grid {fig. 1) is operated 
at dc ground; the grid ring at the base of 
the 8874 provides a fow-inductance path 
between the grid element and the chassis. 
Plate and grid currents are measured in 
the cathode return lead with a 12-volt, 
50-watt zener diode in series with the 
negative return to set the desired value of 
idling current Two additional diodes are 
shunted across the meter circuit to pro-
tect the movements against destructive 
overload. 

terminal of the plate supply is acciden-
tally grounded. A second safety resistor is 
placed across the zener diode to provide a 
load for the zener; it also prevents the 
cathode potential from rising if the zener 
should accidentally burn open. 

plate circuit 
The plate circuit of the amplifier is a 

half-wave open transmission line. A 
quarter-wave line could have been used 
with a small improvement in bandwidth 
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Exploded view of the tube socket, grid 
collet, tube and anode connector. The 
anode assembly is made of two copper rings 
which encircle the tube; the rings are 
clamped together with the collet in be-
tween. Bottom ring has a flange which is 
attached to plate blocking capacitor C5. 

and efficiency. However, the size of the 
plate circuit would be very small and 
more difficult to work with. A quarter-
wave line would terminate approximately 
at the first mounting screw for the 
plate-line mount. 

The half-wave line was made wide at 
the open end to allow sufficient area so 
that enough capacitance could be ob-
tained in the tuning and loading capaci-
tors without reducing the plate-to-plate 
spacing which would degrade the voltage 
hold-off capability. A low-impedance 

half-wave line was too long to fit into the 
17 inch chassis. Therefore, a shorter line 
was narrowed at the high current point to 
increase the inductance and make the line 
electrically longer. 

The plate line is resonated by C6 while 
the loading is adjusted by C7. These two 
adjustments will interact to a certain 
extent and therefore the proper operating 
point must be determined by adjusting 
both controls several times. 

A type-N coaxial fitting is connected 
to the moveable disc of the coupling 
capacitor. The fitting is centered in a 
special tubular assembly which permits 
the whole connector to slide in and out 
of the chassis mounting fixture; this 
allows the variable disc of the coupling 
capacitor to move with respect to the 
fixed plate mounted on the tube anode 
clamp. When the final loading adjustment 
has been set the sliding fitting is clamped 
by a fixture similar to the slider on a 
variable wire-wound resistor. 

The disc is mounted on a threaded 
shaft which moves in and out through the 
threaded bushing on the front panel. To 
avoid jumpy tuning a fine thread was 
used. An alternative would be to give 
added support to the shaft by mounting a 
threaded nut on a strap placed to 
%-inch from the sub-panel. This would 

Metal/ceramic construction now in 
Eimac zero-bias triodes 
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provide two supports for the threaded 
shaft. 

The plate contact assembly is made 
from two copper rings and an Eimac 
008294 collet clamped together with 
4-40 brass machine screws. One of the 
rings in the clamp has a flange to provide 
a mounting bracket for the plate blocking 
capacitor, C5. 

The Centralab capacitor (C3) mounted 
in parallel with the feedthrough, C4, was 
necessary to remove rf from the plate 
voltage lead outside the enclosure. The 
feedthrough capacitor did not do the job 
by itself. 

layout and design 

The amplifier is built with two 
standard aluminum chassis. The plate 
compartment is made from a 3 x 4 x 17-
inch chassis; the grid enclosure is made 
from a 2 x 4 x 6-inch chassis assembly 
that is attached to a standard 5% x 19-
inch relay-rack panel. The front panel 
also supports the grid and plate current 
meters. Just behind the panel and next to 
the grid compartment (which is mounted 
at one end of the longer chassis) is a flat 

Anode circuit. Tube is at right, with plate line 
extending to the left. The disc at the left end of 
the cover plate is the load coupling capacitor 
C7. A Teflon chimney for the 8874 sits on top 
the tube anode and protrudes out of the 
waveguide-beyond-cutoff air pipe in the cover 
plate. Note the rf filter in the exhaust port of 
the blower. 

aluminum plate that supports the three 
large resistors, the zener diode, terminal 
strip and the fuse in series with the zener. 

The pictorial drawing in fig. 2 shows 
how the whole chassis assembly is put 
together. The back panel of the plate 
compartment is used to make an rf shield, 

Rear view of 220-MHz amplifier. The two 
adjustments for the cathode circuit and input 
coaxial receptacle are at lower right. Type-N 
output connector is to left of the blower. 
Filament transformer and air duct are at the 
right-hand end. 

an air-tight enclosure, and to serve as the 
mounting deck for the blower, the fila-
ment transformer, the rf output con-
nector and the exhaust port for the 
cooling system. The centrifugal blower 
forces cooling air into the plate compart-
ment and the air escapes through the 
anode cooling fins of the 8874, the 
Teflon air chimney and finally, out 
through a waveguide-beyond-cutoff air 
pipe. 

The cooling-air inlet hole is also 
shielded from rf using the waveguide-
beyond-cutoff technique. In this case a 
piece of copper honeycomb similar to a 
radiator core was soldered into the center 
of a ring and the assembly mounted 
between the blower outlet and the back 
plate of the chassis. 

operation 
Amplifier operation is completely 

stable with no parasitics. The unit tunes 
smoothly and the plate current dip occurs 
at the same time as the power output 
peaks. As with all grounded-grid ampli-
fiers, excitation should never be applied 
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Anode compartment with plate line removed. Line has been displaced from its 
two Teflon support pillars to show the moveable disc of the plate tuning 
capacitor C6. 

when plate voltage Is removed from the 
amplifier. 

The first step is to grid-dip the input 
and output circuits to near resonance 
with the 8874 in the socket. An swr 
meter should be placed in series with the 
input line and the input network adjusted 
for lowest vswr on the line from the 
exciter. 

Tuning and loading follows the same 
sequence as any grounded-grid amplifier. 
Connect a swr indicator and load to the 
output of the amplifier and apply a small 
amount of rf drive. Quickly tune the 
plate circuit to resonance. 

The cathode circuit should now be 
resonated. The vswr measured between 
the exciter and the amplifier will not 
necessarily be optimum. Final adjust-
ment on the cathode circuit for 
minimum vswr should be done at full 

power level because the input impedance 
of a cathode-driven amplifier is a function 
of the plate current of the tube. 

Increase the rf drive in small incre-
ments along with the output coupling 
until the desired power level is reached. 
By simultaneously adjusting the drive and 
loading it will be possible to attain the 
operating conditions given in the per-
formance chart in table 1. Always tune 
for maximum plate efficiency, that is, 
maximum output power for minimum 
input power. It is quite easy to load 
heavily and underdrive to get the desired 
power input, but power output will be 
down if this is done. 

My thanks to Dick Rasor, WA6NXB, 
for his help in adjusting and determining 
the operating conditions for this ampli-
fier. 

ham radio 
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evaluating 

semiconductor diodes 

Here are three 

simple tests for 

determining important 

diode characteristics: 

germanium or silicon, 

peak-inverse voltage 

and maximum current 

Semiconductor diodes are widely used by 
radio amateurs. Fortunately, surplus 
diodes are both plentiful and inexpensive. 
However, not all are marked, and even 
some that are marked carry house identi-
fications that are difficult if not impossi-
ble to check for characteristics. This 
article describes some checks that are 
easily made with equipment available in 
the average experimenter's workshop to 
determine many of the characteristics 
you need to know to put the diodes into 
service. 
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silicon or germanium? 
First you'd like to know whether the 

unidentified diode is made of germanium 
or silicon. Since selenium and copper-
oxide diodes are not often found they 
will not be discussed here. Here's a quick 
and easy test. Note the circuit in fig. 1; it 
calls for a source of variable direct-cur-
rent voltage, a couple of meters and a 
resistor. You'll need only a few volts 
from the supply, the meters can be 
multimeters of an inexpensive variety, 
and the resistor is quite noncritical, as it 
serves as a current limiter and must 
handle only a few milliamperes. The 
voltage meter should have a scale that lets 
you easily tell the difference between 0.4 
and 0.7 volt. The other meter should be a 
low-range milliammeter, preferably one 
with rather high internal resistance. Note 
that the diode is connected for forward 
conductance. 

To determine the nature of the diode, 
slowly advance the voltage from the 
variable source until the milliammeter 
starts an abrupt spurt of current Stop 
right there and read the voltage. If it's in 
the general range of 0.4 volt, you have a 
germanium diode. If it took around 0.7 
volt, it's a silicon diode. 

peak-inverse voltage 
Now that you know what type diode 

you have, your next thought may relate to 
Just what peak-inverse voltage you can 
impose on the diode and still keep it 
viable. For this check, you'll need 
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another variable-voltage power source 
with a much higher upper potential, one 
that exceeds any expected PIV. The test 
setup is shown in fig. 2. Note that this 
time you put the diode in backwards; 
that is, you connect it in the normally 
nonconducting direction. 

fig. 1. To determine whether the diode it silicon 
or germanium, put the unknown diode in this 
circuit, adjust the power supply until the 
miliiameter starts to show current, and read the 
voltmeter. Voltage In the vicinity of 0.4 volts 
indicates a germanium device; 0.7 volts, a 
silicon diode. 

The resistor needs to be large enough 
to limit the current to a few milliamperes; 
if you're expecting to use over one-
thousand volts it's best to use several 
resistors in series to discourage voltage 
breakdown. The test procedure is the 
same as before: increase the voltage 
slowly until the milliammeter starts show-
ing current. Stop there, note the voltage, 
and back off before you destroy the 
diode. 

fig. 2. Diode PIV test circuit. Adjust the power 
supply until the milliameter shows current and 
read the PIV on the hlghrange voltmeter. 

maximum current 
Maximum current-carrying capability 

is not so easily determined. Vou can get 
an approximation, however, with the 
circuit shown in fig. 3. Here again the 
resistor is for current limiting and must 

carry the maximum expected current 
capability of the diode. The variable-
voltage source will not need to provide 
much voltage, but it must be capable of 
supplying the maximum current you 
suspect the diode may sustain. The 
ammeter, of course, also must have a 
range encompassing the highest current 
expected. 

The check will not give you precise 
results, as you must make one qualitative 
evaluation: the heat of the diode. That's 
how you make the test; you increase the 
current flow until the diode gets hot. Just 
how hot is a matter you must decide. If 
it's a small diode, cooled only by the 
leads and convection air flow, you'd 
better stop when it starts to get warm. If, 
though, it's a husky brute, meant to be 

T 

cm onus 
_vw-

FORWAPD 
BIASED 

z . tow 
RANGE 9 

Mian 
RANGE 

fig. 3. Maximum current-carrying capability of 
the diode is roughly determined by the amount 
of heat dissipated by the device In this circuit 
(see text). 

mounted on a big heat sink, you can run 
it to the finger-burning stage! Just don't 
get carried away with trying to push the 
current to the utmost limit, or you may 
end up with a cooked diode. 

Also, on PIV or maximum-current 
tests, don't check just one diode and 
assume that all of that type or number 
will show the same characteristics; the 
probabilities are that they will n o t In 
PIV, especially, they'll vary over a wide 
range. And not all germanium or silicon 
diodes will exhibit a uniform forward-
conduction threshold voltage. 

These three simple tests, easily made 
with commonly-available equipment, will 
give you most of the information you 
need to put those stray diodes into use in 
your ham shack. 

ham radio 
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amplitude-
modulated 
two-meter 
transmitter-receiver 

This compact transceiver 

for two meters 

features a 

high-performance 

mosfet receiving converter, 

IC i-f and audio 

and 10-watt 

rf output 

Riding on the coat tails of the current 
wave of two-meter fm activity is an 
increase in two-meter operation in gen-
eral. SCR-522s and ARC-4s are being 
dusted off and fired up again; mountain-
topping and mobiling have attracted 
renewed enthusiasm. 

The two-meter a-m transmitter-re-
ceiver described here is an attempt to 
provide a unit suitable for mountain 
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topping and mobiling. The rig serves its 
purpose admirably and has provided 
much enjoyment. However, you must 
remember that this is a minimum-specifi-
cation rig; it does not contain any luxury 
features which might be desired by 
others. 

S ince advanced vhf constructors 
seldom duplicate equipment completely 
this article is presented more as a source 
of ideas than as a one-for-one construc-
t ion article. For this reason the unit 
schematics are shown individually. 

performance 
With an input of 12.6 volts dc the 

transmitter wil l provide 10 watts into a 
50-ohm load with average modulation. 
Slightly greater power output is available 
with the engine running as the alternator 
usually increases the voltage to about 
13.5 volts. The modulator is capable of 
producing more than ample audio and 
must be initially adjusted with the inter-
nal input potentiometer to prevent 
splatter. 

The receiver has some unique aspects. 
For example, the dial has no frequency 
markings but is divided into four blocks. 
There are four push-buttons under the 
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3 turns no. 22, airwound, W 
diameter, W long, tapped 1 turn 
from ground end 

3 turns no. 22, airwound, W 
diameter, long 

L 4 3 turns no 16, airwound, W 
diameter, long 

T1,T2,T3 see text 

tuning knob. When then the first button 
is depressed, the receiver tunes from 144 
to 145 MHz. Therefore, each block on 
the dial represents 250 kHz. 

->9V REG 

These dial segments can be further 
subdivided for additional accuracy if 
desired. The push-buttons interlock so 
that when the second button is depressed 

the first disengages and the dial now 
represents frequencies from 145 to 146 
MHz. 

Since the dial is four inches long this 
arrangement is equivalent to a dial sixteen 
inches long! It takes about three and one 
half turns of the tuning knob to traverse 
the dial; this is 14 turns for the entire 
two-meter band. 

converter 
To tune the converter a variable volt-

age is used to reverse bias diodes CR1, 
CR2, CR3 and CR4. (See fig. 1.) When 
any solid state diode is reverse biased its 
junction exhibits a capacitance effect; the 
BA-110 diodes are specifically designed 
for use in tuned circuits. 

They are effectively across the tuned 
circuits of the rf amplifier and local 
oscillator. This method of tuning frees 
the builder from the bulky tuning capaci-
tor and the necessity of mechanically 
coupling it to the tuning knob and dial. 
With this method you could even mount 
the converter on the antenna and tune it 
remotely! 

Two stages of rf amplification provide 
input sensitivity on the order of 0.1 
microvolt. RCA 40673 mosfets are used 
in the rf amplifiers and mixer. These 
transistors include internal protection 
against breakdown from static electricity. 
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fig. 1. Two-meter receiving 
conver te r . All variable 
capacitors marked 10 pF 
are 1.5 to 10 pF compres-
sion trimmers. Diodes CR1 
through CR4 are I T T type 
BA1 t o tuning diodes. 

Later addition of an fm detector was 
considered so provision was made to use 
its output voltage to feed an afc cor-
rection circuit. If fm will not be used all 
circuitry to the left of CR4 may be 
eliminated. 

Double-tuned i-f transformers are pre-
ferable to single-tuned units at the mix-
er output (T1 in fig. 1). J. W. Miller 
manufactures several types which are 
satisfactory. 

Oscillator coil L4 should be mounted 
as ruggedly as possible and secured with 
plastic cement to prevent any vibration. 
All coils are mounted at right angles to 
each other so shielding was unnecessary. 

i-f strip 
Single-tuned transformers are used in 

the i-f strip (fig. 2) because bandwidth is 
determined by the crystal filter that 
preceeds them. The transformers are used 
merely for interstage coupling. The i-f 
strip has adequate gain and about 50-d8 
of age. Transistor Q5 provides some 

post-filter amplification while Q6 supplies 
age and doubles as a detector. 

receiver audio 
The detector output is fed to an fet 

which drives a General Electric PA237 IC 
power amplifier (fig. 3). A problem with 
oscillation in the audio circuit was solved 
by the 8-ohm resistor across the speaker; 
this is made up of two 16-ohm, 1/2-watt 
resistors in parallel. 

Maximum available audio is reduced 
slightly, but oscillations are eliminated, 
and the IC is protected if the speaker is 
disconnected with power applied. 

The speaker was originally mounted 
internally. However, speaker vibration 
produced frequency modulation of the 
converter local oscillator so the speaker 
connection was brought out to a jack on 
the front panel. 

voltage regulator 
Since a voltage varied by a potenti-

ometer is used to tune the receiver, that 
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fig. 4. Receiver audio 
amplifier. Q7 Is a 
2N5457 or MPF103; 
U3 is a General-Electric 
PA237 IC audio power to voum ammo. 

amplifier. 
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voltage must be very stable. Considering 
the voltage variation across the average 
automobile battery under normal driving 
conditions, this is no easy feat. 

The voltage regulator in fig. 5 main-
tains a constant output plus or minus a 
few millivolts with an input voltage swing 
from eleven to twenty volts. The resulting 
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fig. 3. l-f strip for the two-
meter transceiver. Tranformer 
T2 is a 10.7-MH* f-f trans-
former (see text). FL1 is a 
10.7 kHz crystal filter with a 
6-kHz bandpass. 
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fig. 5. Regulated power supply provides constant 9-volt output with varying 12- to 15-volt input. 
Choke L I 4 is a Stancor TC-1. 

regulated 9 volts is used only for the i-f 
strip and the converter. Everything else is 
fed from the 12-volt input to the unit. 

The regulator is capable of much more 
current than is required in this applica-
tion, and the circuit might be somewhat 

tion-level control is mounted on the 
board; it is adjusted only once during 
initial tuneup. Heat sinks must be pro-
vided for Q12 and Q13. 

The oscillator-driver strip is capable of 
producing three watts into 50 ohms and 
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fig. 6. Amplitude modulator for the two-meter transceiver. Transformer T1, 150:500 ohms, is an 
Argonne AR163 (Lafayette); transformer T2, 20:8 ohms, is a Stancor TA-12. 

simplified. Perhaps one of the new IC 
regulators might suffice. 

transmitter 
In the modulator a high-impedance 

microphone feeds an fet which drives a 
CA3020 integrated circuit, followed by 
transistors Q12 and Q13. The 5k modula-

can be used without the amplifier. An 
overtone crystal oscillator (Q14) supplies 
72-MHz drive to Q15 via bandpass 
coupling consisting of L5 and L6. Tran-
sistor Q15 doubles to 144 MHz and drives 
Q16 straight through on two meters. The 
2N3137 works particularly well in this 
circuit. Other rf transistors tried for Q14 
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and Q15 resulted in lower output power. 
The final power amplifier, Q17, uses a 

transistor rated for lower frequencies. 
Higher frequency types were tried 
initially, but oscillations were difficult to 

ley may be used as these are usually 
within 2%. 

The value of the divider resistors is 
determined by the number of turns of the 
10-tum pot that are required to traverse 

72 MHz 144 MHz 144 MHZ 

TO AimM«9 
13 OK PA 

> < X moos 
1 1 MODULATED 

L5.L6 3 turns no. 22 on >/«" form, W L7,L9 
long 

fig. 7. Oscillator-driver for the two-meter trans- L8 
mitter. 

4 turns no. 22, alrwound, 5/16" 
ID, W long 

6 turns no. 22, airwound, 5/16" 
ID, W long 

control, and tolerance for load mismatch 
was nil. The 2N2876 exhibited none of 
these problems. 

mhz selector 

Each push-button in the MHz selector 
switch is a dpdt unit. The divider resistors 
are all 18,000 ohms, 1%. However, the 
5% resistors manufactured by Allen Brad-

the dial once, the voltage-capacitance 
curves of the tuning diodes and the 
amount of frequency coverage per switch. 

For different dial lengths and/or 
tuning diodes I would recommend an 
experimental approach rather than a 
mathematical one due to the number of 
variables involved. The 50k pot sets the 
lower voltage limit of the divider network 

OW OUTPUT 

L10 1.8/iH R F C 

fig. 8. Ten-watt power amplifier for the two-
meter transceiver. 

7 turns no. 24, airwound, V«" I D 

4 turns no. 24, airwound, V«" I D 
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and hence, the low-voltage end of the 
tuning range. 

Depression of a push-button puts the 
10-turn pot in series with three of the 
18k resistors that make up the voltage 

the sides and the rear wall of the en-
closure. This arrangement lends itself to 
adjustments and ease of construction. A 
Jones plug for power, a fuse holder and a 
BNC antenna jack are mounted on the 

• 9V >9V > IIV 

fig. 9. Interconnection of each of the modules used In the two-meter transceiver. K1 is a 12-volt 
coaxial relay. K2 removes power from the converter and i-f strip during transmit. 

divider. If desired the entire band can be 
tuned in one sweep of the dial by 
eliminating the push-button switch and 
divider resistors. This will, however, 
reduce bandspread by a factor of four. 

construction 
The rig is built in a 5 x 6 x 9-inch 

aluminum utility box. An aluminum 
panel is placed across the inside of the 
box about 2 inches down from the top. 
The transmitter and modulator printed-
circuit boards are mounted on this panel 
with 3/8-inch threaded standoffs. 

The front end, i-f strip, audio amplifier 
and voltage regulator are mounted around 

IT"1 

Front panel of the two-meter transceiver. 
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rear panel. On the front panel are the 
tuning knob, a power switch, the volume 
control, the push-button MHz selector 
switch, indicator lights and jacks for the 
speaker and microphone. 

rf and mixer transistors, and a plastic 
socket was used for the oscillator. Nylon 
or plastic sockets may be acceptable for 
the rf and mixer stages, but the light 
brown Bakelite socket should be avoided 

Printed-circuit boards were used for 
the modulator and oscillator-driver. The 
power amplifier is wired on double clad 
1/8-inch thick board but is made with 
conventional chassis-type construction. 
There is a shield partition between the 
input circuitry and the base of the power 
transistor. The 2N2876 is mounted on a 
1 x 1 x 1/z-inch block of aluminum which 
serves as a heat sink. 

The tunable converter was also built 
on a piece of double-sided printed-circuit 
board. Holes were drilled and transistor 
sockets mounted in the conventional 
manner; Teflon sockets were used for the 

at these frequencies. 
Terminals are silver pins pushed 

through Teflon inserts. These were used 
mainly to conserve space; any other type 
may be used. 

The i-f cans were laid on their sides 
and soldered to the board. IC sockets 
were also laid on their sides and epoxied 
to the board. This method of construc-
tion was previously described.5 The audio 
amplifier is built in the same manner. The 
voltage regulator is mounted on a conven-
tional printed-circuit board. 

The shaft that connects the tuning 
knob to the 10-turn pot should be non-
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metallic. A microphone clip is provided 
on one side of the box, and behind it is a 
handle. The side mounting does not 
interfere with under-the-dash mounting 
arrangements and still provides util ity. 

The slide-rule dial incorporates a length 
of dial cord looped over the tuning shaft 
twice and around two small pulleys at the 
bottom corners of the dial opening. The 
dial cord is tied to opposite ends of a 
small spring which provides the necessary 
tension. A small piece of plastic-covered 
solid copper wire is looped around the 
spring and held with Pliobond adhesive 
while the other end is looped over the top 
of the dial face. This provides a pointer. 

alignment 
Alignment procedures for vhf equip-

ment are fairly standard and should be 
familiar enough not to warrant a detailed 
discussion here. However, there are a few 
points that it might be well to under-
score. 
l-f: Apply a modulated 10.7-MHz signal 
to the input to the i-f amplifier through 
a 10-pF capacitor and adjust the i-f 
transformers for proper waveshape at 
the input to the detector transistor. (Use a 
scope capable of displaying 10.7 MHz.) If 
a scope is not available adjust the i-f for 
maximum audio at the speaker. Keep 
reducing the input signal to the minimum 
discernable level when peaking. Connect 
the converter output to the i-f amplifier 
input. 

Converter: Apply an accurate, modulated 
144-MHz signal source to the antenna 
jack. Set the compression trimmers about 
midway through their range. Set the dial 
at the point where you want 144 MHz to 
be and adjust the 50k pot on the bottom 
of the voltage divider string to about 4.5 
volts. Squeeze or spread the turns on L4 
until the 144-MHz signal is heard. (It may 
be necessary to adjust the 50k pot again 
slightly.) Peak transformer T1; peak L1, 
L2 and L3 in the same manner as L4. 

Move the dial to where 148 MHz will 
be. Set the signal generator to 148 MHz 
and adjust the trimmer across L4 so that 

the 148 MHz signal can be heard. The 
tuning voltage should be close to 9 volts. 
Adjust the trimmers across L1, L2 and 
L3. Since these adjustments interact you 
will have to go back and readjust the 
144-MHz setting. 

Repetition of the above steps will 
gradually reduce the amount of adjust-
ment necessary each time until the set is 
aligned. Remember that the inductance 
sets the lower end and the trimmer 
capacitors set the high end of the tuning 
range. As with the i-f strip, keep the input 
from the signal generator as low as 
possible to prevent overdriving. 

Transmitter: The important thing to keep 
in mind when aligning any solid-state 
transmitter is to apply reduced power 
initially. In this case use about 9 volts. 
Connect a wattmeter to the output of the 
amplifier and, starting with the oscillator, 
peak each stage for maximum. It might 
be necessary to back L5's slug off slightly 
from its peak setting to insure oscillator 
starting every time power is applied. 

Th roughou t tuneup procedure 
momentarily remove the crystal to insure 
that there is no self-oscillation. Gradually 
increase the power supply to full voltage. 
With a dummy load on the antenna, a 
nearby receiver can be used to set the 5k 
modulation control. With normal voice 
modulation increase the pot until splatter 
is noted on the receiver, then backoff 
slightly. An actual on-the-air check will 
provide the basis for further adjustments. 
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TV 
circuits and 
techniques 

ed noli, W3FQJ 
vhf beacons 
The RSGB and various European groups 
and clubs are to be congratulated on their 
vhf beacon facilities. Even little Iceland 
has a beacon station. In the study of vhf 
propagation and early forecasting of 
openings they are marvelous, and they 
permit a high order of systematic and 
recorded scientific investigation of 
sporadic-E, abnormal tropospheric, 
aurora and other propagation modes. It 
might well be that they are putting the 
English and European hams well in the 
forefront in these endeavors. 

The value of the vhf beacons is not 
confined to propagation studies alone. 
These signals are transmitted continu-

ously and are always available for ama-
teur tests and measurements. They are a 
great benefit in checking antennas and 
receiver front ends and as frequency 
check points. Also, it would not be an 
unsurmountable problem to adapt them 
for use as satellite test-signal sources 
when the era of long-distance vhf com-
munications begins for the radio amateur. 

There is abundant unused spectrum in 
our vhf/uhf bands. The Technician license 
was initiated in hopes of some concerted 
vhf-uhf experimentation. A system of 
beacons could be a splendid scientific 
tool. 

The caliber of the RSGB effort is 
disclosed in an article by R. A. Ham in 
the June 21, 1971 issue of the British 
Electronics Weekly.1 For example, in the 
study of tropospheric changes, a baro-
graph chart of beacon signal level vs 
barometric pressure is kept. Mr. Ham's 
tests indicate that when the pressure rises 
to the 30-inch level, and then begins an 
additional steady rise, a likely opening 
can be anticipated at the time the pres-
sure begins to fall. In fact, there is some 
rise in the magnitude of local signal in the 
latter period of the rise and then long-
distance openings are set off with the 
moment of decline. 

In other checks, Mr. Ham was able to 
monitor European, English and Icelandic 
beacons continuously under sporadic-E 
conditions. He was able to come up with 
various patterns of range and direction 
changes that resulted from the E activity. 

phase-locked operation on vhf 
The vhf potentials of the phase-locked 

loop were mentioned in a previous 
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fig. 1. Two-meter phase-lock facility used by G3WXO. 

column. G3WX0 2 uses a decade counter 
(Motorola SN7490N) and a quadruple 
two-input positive N A N D gate (Motorola 
SN7400N) connected as a phase detector 
in the lock path (fig. 1). No multiplier 
chain is used; the fixed frequency is 
generated directly by a voltage-controlled 
two-meter oscillator. The oscillator out-
put supplies signal to a follow-up two-
meter amplifier. 

A portion of the output is applied to a 
mixer along with a 140-MHz crystal-con-
trolled component The difference fre-
quency (4-to 6-MHz range) is applied to 
the decade counter. 

The phase-detector compares the out-
put of the counter with the output of the 
low-frequency variable-frequency oscil-
lator which is tunable from 400 to 600 
kHz. This oscillator is the vfo control for 
the transmitter. The dc-control voltage at 
the output of the phase detector is 
applied to the voltage-controlled 2-meter 
oscillator by way of an appropriate filter. 

A varactor-diode circuit responds to 
the dc-control voltage. It is possible to 
change the frequency of the voltage-con-
trolled oscillator between 144 and 146 
MHz by varying the frequency of the vfo. 
Furthermore, an audio signal can be used 
to frequency modulate the 2-meter os-
cillator directly. There is no trouble in 
obtaining full deviation with the center 
frequency held fast by the phase-lock 

system. In G3WXO's two-meter station 
the 140-MHz component is also used as 
local oscillator injection for his two-meter 
converter. 

beverage antenna 
I covered the subject of anti-QRM 

receiving antennas in a previous column.3 

One of the antenna types mentioned was 
the Beverage. Its possibilities for receiving 
from a single general direction with mini-

fig. 2. Test Beverage antenna at W3FQJ. 
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mum pickup from side and back were 
verified with a Beverage antenna at 
W3FQJ. 

The antenna was short as Beverage 
types go; total length was 550 feet, fig. 2. 
Height at no point was more than 10-feet 
above ground. The end was terminated in 
a 200-ohm non-inductive resistance (three 
600-ohm resistors in parallel). A ground 
stake was driven 4 feet into the ground. 
Approximately 120 feet of coaxial cable 
linked the feed end of the Beverage to the 
shack. The inner conductor of the coaxial 
cable was connected to the Beverage wire; 
no connection was made to the outer 
conductor at the antenna end. A coaxial 
switch permitted the receiver input to be 
switched rapidly between the Beverage 
antenna and the combination transmit-
receive antennas used on the various 
amateur bands. Here are the results: 

I . T h e Beverage antenna was highly 
directive off the far end. It favored 
low-angle long-distance signals over 
short-skip and local signals. 

pickup was in most cases, less than 
similar pickup with the comparison 
antenna. That is, the ratio of the signal 
from desired direction over inter-

im t l lBi lSB 
Terminated end of the Beverage antenna. 

2. In general the received signal 
strength was lower than a good oper-
ating antenna on any specific band. 
However, back and especially side 

Construction used at the base angle of each 
element in the triangle beam. 

ference from other directions was 
higher than with the comparison an-
tenna. 

3. Similar results were obtained on all 
bands 10 through 160 meters. The 
antenna was pointed about 15° south 
of west. Maximum direction therefore 
was directly across the continental 
United States and showed a definite 
preference for W5s, WOs and southern 
W6s. 

Some directivity existed even on 160 
meters despite the fact that the antenna 
should not be considered a true Beverage 
for this band since it is only about one 
wavelength long. Nevertheless, it provides 
a good cutback of W1 signal levels when 
tuning in signals from the corn-belt states. 
Vhf checks have yet to be made. 

The Beverage antenna can also be 
loaded for transmitting. The best method 
of matching is to use the common T-riet-
work often used to match single-wire 
antennas to a transmitter. This network 
consists of two tapped coils and a single 
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^HYLOH ROPE 

13' 

NO i n 
WIRE 

'NYLON ROPt 

'STAKE 

STAKE fig. 3. Seven-element 
20-meter triangle beam. 
All elements are staked 
out the same as the 
reflector. 

variable capacitor adjusted for a good 
match on each band. There was no 
trouble with loose rf in the shack with 
the use of coax between the transmitter 
and the fed end of the Beverage antenna. 

Stations could be raised on each band 
in the favored direction despite the very 
low antenna. Reports would be a half 
S-unit to several S-units below compari-
son antennas. It was very difficult to raise 

Four triangles of the seven-element triangle beam. 
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anyone off the favored angle. This fatter 
condition checks out the reciprocity 
theorem, indicating very low sensitivity 
off the favored direction. 

DRIVEN ELEMENT 

REFLECTOR 26' 
FIRST DIRECTOR 21' 
OTHER ORECTORS 20'6" 

fig. 4. Dimensions of the elements used in the 
W3FQJ triangle 20-meter beam. 

There is substantial work to be done 
on this style of antenna. The simple tests 
above just scratch the surface. Other 
amateurs who have done work with the 
Beverage indicate that the antenna should 
not be more than 10 feet above the 
ground or it will lose its low angle 
directivity and increase its side pickup. 

There is a host of experiments to be 
done with various types of elaborate 
ground systems and the selection of 
length and height above ground to favor a 
specific band. Added height will increase 
signal pickup and transmit signal reports. 
However, just what is that optimum 
height which will not permit a serious 
cancellation of its anti-QRM charac-
teristics when receiving? 

another triangle 
A high-gain beam antenna can be built 

at low cost with the full-wave triangle. A 
20-meter seven-element triangle (driven, 
reflector and five directors) was con-
structed and suspended on nylon rope 
between two 40-foot telescoping TV 
masts, fig. 3. All of the closed full-wave 
configurations (quad, delta and triangle) 
perform well at low antenna heights. This 
is not to say that they cannot be im-
proved upon by mounting them higher. 
Of the three types, however, the single-
point top of the triangle is a definite 
advantage for low-cost storm-resistant 
mounting arrangements. 

The seven elements were made of 
insulated wire. With the apex of the 
triangle at 40 feet off the ground the 
feed point of the driven triangle is readily 
accessible from ground level. 

This antenna was positioned to favor 
Europe and performs well with 200 watts 
on a band crowded with high beam 
antennas and kilowatt transmitters. Rais-
ing the apex another 30 feet would 
permit some spectacular results with QRP 
power. 

more phase-locked loop 
Additional checks were made on the 

phase-locked loop circuit covered in 
September's "Circuits and Techniques."4 

A dc voltage-control circuit was added 
(fig. 5) to provide a means of changing 
the frequency of the voltage-controlled 
oscillator. Potentiometers replace the 
variable capacitors of the previous circuit. 
A fixed 250-pF capacitor between 
terminals 2 and 3 permitted tuning the 

fig. S. Phase-locked loop receiver with dc vco 
control. 

160-meter band and the high-frequency 
end of the broadcast band. 

Two potentiometers are connected in 
series as coarse and fine (bandspread) 
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tuning controls. Excellent bandspreadlng 
can be obtained with this arrangement. 
For example, by using a bandspread 
potentiometer of several-hundred ohms, a 
50-kHz segment of the 160-meter band 
can be spread over the entire dial. Hand-
capacitance effect is virtually eliminated. 

A simple fet amplifier improves the 
sensitivity of the receiver. Strong locals 
are a problem and sometimes must be 
trapped-out if you live in an area such as 
mine with a cluster of broadcast towers 
not too many miles away. 

In one experiment, fig. 6, the resonant 
drain circuit was a replacement superhet 
rf transformer (such as Stancor 8736). 
The antenna winding was connected to 
the input of the phase-locked loop. The 

fig. 7. Use of a phase-locked loop in a super-
heterodyne receiver. 

secondary was connected to the drain 
circuit of the fet. Proper adjustment of 
the transformer slug permitted operation 
on 160 meters and a large portion of the 
broadcast band as well. 

Performance was excellent considering 
the simplicity of the receiver. Sensitivity 
was excellent with a suitable antenna; 
selectivity was quite good. 

Selectivity is improved with the use of 
a mixer-oscillator ahead of the device 
using the phase-locked loop as an i-f 
amplifier and demodulator. In this ar-

fig. 6. Amplifier for the phase-locked loop. 

fig. 8. Multiband circuit arrangement for the 
phase-locked-loop receiver shown in fig. S. 

rangement a mechanical filter is placed 
between the mixer and the phase-locked 
loop, fig. 7. 

The arrangement of fig. 8 was also 
checked out and gave good a-m perform-
ance on the 40-, 80- and 160-meter 
bands. A radio-frequency choke was con-
nected in the drain circuit, while the 
resonant transformer was moved to the 
gate circuit. With this circuit arrangement 
a tapped resonant coil or plug-in coils can 
be used for the three bands. 

By connecting a trimmer capacitor 
between terminals 2 and 3 of the PLL, a 
particular amateur or shortwave band can 
be located more readily. In this case one 
potentiometer is used to tune over the 
entire band and the second potentiometer 
is used for bandspread tuning within the 
band. 

An amplifier is a definite aid in im-
proving the sensitivity for this simple 
direct-detection receiver. It is wise not to 
use an amplifier that can go into self-
oscillation; be certain that any amplifier 
with tuned input and output circuits is 
properly neutralized before it is con-
nected to the input of the phase-locked 
loop. 
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Another page in the log book. Time, 
2:13. Just moved off the net, traffic 
complete. Shall I go back to the net or 
just shut down; A kilowatt just to work 
200 miles; what a waste of power. Some-
one calling me? Another kW? Must be 
from the sound of the signal. What did he 
say? Walkie talkie — on 40 meters? I 
don't believe it. 

Those were the musings in my mind 
that Saturday afternoon I first met Al 
Clark, W6IHY. A few minutes later I was 
at the door of American States Elec-
tronics, a small neat building in Mountain 
View, California. 

Al, a very affable fellow, showed me 
around the plant. With justifiable pride he 
handed me the Mini-Mitter II. This little 
handful is a complete ssb transceiver 
that weighs in at 3 pounds, complete with 
self-contained battery power supply. Un-
believable. I had heard the signal strength 
and quality of the signal, so I had to 
believe it. 

Al gave me a chance to put it on the 
air. The signal strength and quality 
reports were excellent I worked stations 
from 300-to 600-miles away with the 
same consistent reports. I had to have 
Mini-Mitter II for my own — what did I 
have to do to get one? 

The answer to that question proved to 
be interesting, and to me, delightful. This 
transceiver is available in ki t form for 
$149.95, complete. The accessory whip 
antenna is $7.95. I wondered if I could 
build the unit and make it work as well as 
the one I had in my hand. I looked over 
the kit and wiring instructions and came 
to the conclusion that it was perfect for 
me. 

Do not be mislead, the unit contains a 
high-density printed-circuited board, 
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about the size of your hand, that contains 
all the pertinent parts. In the next few 
hours I was to learn what Al meant by 
the term, "high-density board." 

On the way home, with the kit under 
my arm, many second thoughts were 
running though my head. Could I put it 
together? Would it work? Was the set of 
instructions as good as I thought? Then I 
got home and opened the box (giving 
second priority to my usual Saturday 
chores), "!" started putting the tran-
sceiver together. 

I followed the instructions to the 
letter, no playing it by ear. When I 
finished, I followed the simple alignment 
instructions and I was on the air. On-the-
air contacts confirmed that it is really 
easy to have a good quality ssb signal. 

The Mini-Mitter II printed-circuit 
board contains three ICs, 15 transistors 
and 15 silicon diodes. A Collins mechani-
cal filter with crystal-controlled carrier 
frequency places the carrier at the proper 
place on the slope of the filter. This gives 

They call it a "high parts density printed-circuit 
board," but construction is not difficult. 

mini-mitter II 

frequency crystal controlled on any 40-
or 80-meter frequency 

mode upper or lower sideband 
rf output 4 watts PEP 
sideband 
suppression 40 dB or more 
output 50 ohms nominal 
sensitivity less than 1 uV for 10-dB 

signal-to-noise ratio 
selectivity 2.1 kHz at 6 dB down 
audio output 0.2 watts nominal 
power supply 10 volts (eight A A penlight 

cells, self contained) 
size 9 7/8 x 3 3/8 x 1 3/4 inches 
weight 44 ounces 
price $149.95 

American States Electronics, 1074 Wentworth 
Street, Mountain View, California 94040. 

an audio passband of 350 to 2450 Hz, 
results in beautiful quality and retains the 
"presence" of the human voice. The tiny 
transceiver has many of the refinements 
of larger, more expensive rigs, including 
ale, age, image rejection of 50 dB, 40 dB 
minimum carrier suppression and 50- to 
75-ohm output. 

With the whip antenna in place I 
wondered if I could work anyone just 
walking around the street. I worked 
stations as far away as Oakland and San 
Jose (about 30 miles). One mobile oper-
ator had to drive over to see the minia-
ture transceiver for himself. 

With such good results with the small 
whip, I wondered what I could expect 
from the larger portable antenna — the 
ASE 17 DL, priced at $66.95. Five states 
were logged with the portable antenna on 
its 20-foot mast and I never miss the 
opportunity to show my logbook to the 
kilowatt advocates. 

I put the little Mini-Mitter II under my 
arm and went over to see Al again at the 
factory. I got the same warm welcome I 
received on my first visit. Al checked out 
the unit for me, measured the rf output, 
noted all those things that fascinate 
engineers, then gave it back to me. We 
were both satisfied with its performance. 
I am very proud of this little gem and use 
it extensively on 40-meter ssb. 

ham radio 
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tebook 

electronic keyer notes 

The electronic keyer described by 
V E 7 B F K in ham radio, November, 1969, 
is superb, and I highly recommend it to 
home builders. With a dual-lever key the 
dot memory and dash over-ride features 
make code operation a pleasure while the 
construction of the unit is a fine intro-
duction to digital microcircuit tech-
niques. The following notes describe 
some minor modifications to the original 
design that have proved worthwhile. 

set ciruit 

My keyer worked quite well as de-
signed except for an annoying tendency 
to spawn an occasional extra dot. This 
problem was solved by reducing R14 
from 4.7k to 1.2k ohms; this gives a set 
pulse of only 200 microseconds which is 
quite sufficient for reliable operation of 
the dot memory chain even with the 
supply line reduced to 2 volts. 

keying circuit 

The original keyer is all solid state and 
uses a switching transistor to key the 
transmitter. When grid-block keying is 
used, as is generally the case, the keyer 
ground is at a different potential than the 
transmitter ground. Apart from present-
ing a minor safety hazard I found that 
this practice made it difficult to keep rf 
energy from triggering the keyer. For this 
reason I substituted the reed relay and 
driver circuit shown in fig. 1. 

Operate and release times are less than 
one millisecond, giving negligible shaping 
at any practicable keying speed. The 
resistor in the keying lead limits current 
pulses and prevents sticking contacts. I 
wound my own bobbin around a minia-
ture reed capsule and ended up with a 
coil resistance of 60 ohms. This operated 
nicely with a series resistor of 82 ohms to 
recude the drain on the power supply; 
higher resistance relays should not need 
this resistor. The diode across the coil 
damps the spikes of back emf which 
might otherwise feed back into the cir-
cuitry and play hob with the timing. 

monitor 

The circuit as described had no moni-
tor. Fig. 2 shows the monitor in use in 

*3 6V 
O 

fig. 1. Relay driver circuit. Q1 may be any 
small-signal silicon type such as the 2N3643 or 
BC108 with 300 mW or greater rating. RZ is 
current-limiting resistor, not required if relay 
K1 has coil resistance greater than 100 ohms. 

Rl 
220 

"br 

KEYED 
CIRCUIT 
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C— O LOUDSPEAKER 

rn 
fig. 2. Monitor circuit. Transformer T1 is a 
transistor output transformer, 500 ohms cen-
ter-tapped to 16 ohms. Q1 and Q2 are pnp 
small-signal silicon transistors such as the 
2N3638 or BC118. 

my keyer. It is a useful addition even if 
your transmitter has a built-in sidetone 
oscillator as it provides an audible check 
on keyer operation when setting it up. It 
also permits you to learn the squeeze-
keying technique before you try it on the 
air. Transistor Q1 functions simply as a 
switch to key Q2 which is a form of 
relaxation oscillator. It may be necessary 
to juggle the values of R1 and R2 to get 
the best sounding note. The transformer 
is not critical and both the output and 
driver transformer from a junked tran-
sistor radio have been used with success. 

components 
Timing capacitor C3 in the original 

clock circuit is shown as a 1-/iF electro-
lytic. This can be a source of trouble, and 
I recommend the use of a polyester 1-juF 
type at this point. A more suitable value 
for the speed control R7 will then be 
100k ohms; R6 may also need to be 
increased, depending on the speed range 
that your own particular operation 
demands. 

I used the Motorola RTL MC790P 
dual flip-flop and two MC724P quad 
gates as suggested by VE7BFK. These 
have worked very well, but experimenters 
may like to try the new TTL devices 
manufactured by Motorola and others. 
These devices claim a superior specifica-

tion at about half the cost of the already 
reasonably priced RTL devices. If you 
want to run the keyer from a battery 
supply follow VE7BFK's advice and use 
the special milliwatt ICs with the original 
solid-state keying. 

If you don't want to use the printed 
circuit board specified in the original 
article I would suggest the use of Vector 
board made especially for dual-in-line 
packs. The board has the power and 
ground rails already set up, and wiring is 
much less of a chore than it is with 
standard Vector board. 

Barry Kirkwood, ZL1BN 

heath ten-minute timer 
The Heathkit SB-630 Station Console 

incorporates a timer which uses a raucous 
6.3-volt buzzer, Heath number 69-38. 
This buzzer has some very fine wire 
connections to its terminals, which 
appear to break off as a result of the 
vibration of the buzzer, mounted on a 
rubber grommet. Disassembly of the 
buzzer proved to be impossible without 
damage, and the unit was not sufficiently 
attractive to replace with an identical 
unit. 

After some value engineering the 
matter was handled by putting a resistor 
from the 6.3-volt buzzer lead to the 
loudspeaker phono jack used on the 
phone-patch portion of the unit. This 
resistor can be from 30 to 100 ohms, 
depending upon the power capabilities of 
the loudspeaker, and the amount of 
sound desired. A junkbox resistor, there-
fore, proved to be more satisfactory than 
spending money to replace the damaged 
buzzer. 

Incidentally, the instruction manual 
keeps mentioning a ten-minute interval 
for reminding the operator to identify. 
Unfortunately, this will lead to violation 
of the FCC regulation. The timer should 
be set for some shorter time so that the 
identification will be made before 10 
minutes have expired, even if the other 
station is transmitting at the end of the 
ten minutes. 

Bill Conklin, K6KA 
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comments 

smith charts 
Dear HR: 

I was delighted to see your fine article 
on the use of the Smith chart in the 
November, 1970 issue. Your generous 
sprinkling of the step-by-step instructions 
with full-fledged graphs to illustrate each 
use should go a long way toward inviting 
many amateurs to learn how to use this 
powerful tool. Perhaps your article will 
become the implement for helping them 
come to grips with the complex Z, and to 
discover that Z often has a jX as well 
as R. 

My daily work involves approximately 
equal use of the Smith Chart and the slide 
rule, and as a result I am equally at home 
with many phases of its use. I can there-
fore appreciate the opportunity you are 
presenting to those who might otherwise 
never discover that all those circles aren't 
really all that difficult. 

Without intending to detract in any 
way from the otherwise excellent presen-
tation, I would, nevertheless, like to call 
your attention to two basic errors. One is 
in the matching-stub example and the 
other in handling attenuation through a 
lossy line. 

In the matching-stub problem, the 
procedure is in error because impedance 
operation is used, rather than admittance. 
Stub use implies shunt connection to the 
line, and indeed, the schematic diagram 
shows the shunt connection. Thus there 
can be no disagreeing that admittance 
procedure is required to obtain a correct 
answer to the problem as presented. 

To illustrate the required changes, 
refer to the Smith chart in fig. 1 above. 

The proper steps are as follows: 

1. Normalize the load impedance 

Z L ' = (32 + j20/)/50 = 0.64 + j0.4 

2. Locate this point on the chart and 
draw a line through it and the chart 
center, extending the line through the 
peripheral scales in the negative, or 
bottom, portion at 0.336 X(a° = -62°). 

3. Construct a constant-gamma circle 
through Z|_, on through the admit-
tance point Y|_, and intersecting the 
unity conductance circle (G=1) at 
point A. 

4. Draw a line from the chart center 
through point A to the outer scale at 
0.348A(or a° = - 71°). L d , the distance 
from the load to stub, is the distance 
from 0.336 to 0.348. 

L d = (0.348 - 0.336) = 0.012X 
a° = 71° - 62° = 9° (4.5 electrical 
degrees) 

5. To find the length of the stub, 
determine the amount of susceptance 
necessary to match out the load. The 
required susceptance is the difference 
between the susceptance at point A 
and the susceptance at the center of 
the chart. The susceptance at point A 
is -j'0.67. The required stub suscept-
ance is 

0 = +j0.67 

6. Determine the equivalent stub re-
actance by taking the reciprocal of the 
susceptance (as described in example 
4, page 21, November, 1970) 

X = -j1.49 

7. Locate the reactance -j1.49 on the 
rim of the chart (point B). Determine 
the distance between the short-circuit 
point and the required reactance 
(point B) along the "wavelengths 
toward generator" scale. L s = 0.344X. 
(a° = 248°, 124 electrical degrees). 
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fig. 1. Using the Smith chart to find 
matching stub length and location. 

For practical reasons it may not be 
possible to place a shunt stub only 4.5° 
from the load. It may be necessary to 
increase the distance L p to the next 
point where G = 1 (not R = 1), repre-
sented by point C, fig. 1. In this case L p 
would be measured, clockwise from 0.336 
through 0.50 to 0.151. Using the reflec-
tion coefficient scale, from a° = - 62° to 
180° plus 180° to +71°, which totals 
227°R, or 113.5 electrical degrees. This 
represents 0.316X. This will require a +jX 
stub, length shown as LS(C), of the same 
numerical reactance value as before. 

lossy lines 
Turning now to the lossy-line problem 

in which the line attenuation is 2.0 dB, 
the error concerns the method used in 
determining the corrected voltage coeffi-
cient for the lossy condition. You have 
stated incorrectly in both Steps 4 and 5 
that the voltage reflection coefficient in 
the lossy case is 2.0 dB lower than that of 
the lossless case. This is incorrect because 
the voltage reflection coefficient varies 
directly with power ratio of one-way line 
attenuation and not the voltage ratio. 

Your p* correction factor of 0.794, 
derived from 

2.0dB = - 2 0 l o g 1 0
 E ° u t p u t 

^iriput 
yields an input reflection coefficient for 
line attenuation of exactly 1.0 dB; not 
2.0 dB. The correct correction factor is 
0.631, derived from 

„ „ , Power out 
2.0dB = - 1 0 l o g 1 0 P o w e r i n 

This is evident because by using the 
radially-scaled parameter titled "Trans-
mission Loss, 1-dB steps," the interval 

*ASA standards have adopted fl (rho) to 
represent the magnitude of the reflection coef-
ficient. 
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shown on your plot (to represent 2.0 dB) 
measures 1.0 dB on the scale. Plotting off 
an actual 2.0 dB with the 1 dB-step scale 
brings the 2|_ (lossy) to 1.08 + j1.05, 
which indeed has a reflection coefficient 
of 0.631. 

According to Phillip Smith, inventor 
of the Smith chart, "Since the propaga-
tion path is common to both the forward 
and reflected wave energy, the latter, in 
its backward path to the initial point of 
entry, wil l be attenuated in the same ratio 
as was the incident wave energy. A t the 
initial point of entry the power reflection 
coefficient is, thus, a measure of the 
two-way transmission loss, expressed as a 
power ratio. One-half of this, therefore, 
represents the one-way transmission loss, 
viz., 

dB = % ( -10 log-iQp2) = 
- 1 0 foQiQp 

The line in example 8 has a one-way 
attenuation of 2.0 dB. That quantity of 
power which wil l ultimately be reflected 
back to the input suffers a 2.0 dB loss in 
the forward direction and another 2.0 dB 
during the return trip. The power return-
ing to the input (p2) is therefore 4.0 dB 
below its original level at the beginning of 
the journey. Thus p2 is 4.0 dB below 
what it would be with a lossless line, and 
so also would be p. Therefore, to derive 
the p correction factor, we may write (all 
logs to base 10): 

- 1 0 log p 2 = 4.0 dB 
- log p 2 = 0.4 

p 2 = 0.398 
p 2 =V0.398 = 0.631 

But a one-way loss must be, as Smith has 
stated: 

Vz ( -10 logp 2 ) = 2.0 dB 
logp2 =0.2 
- l o g p = 0.2 

p = 0.631, and not 0.794 

However, 0.7942 = 0.631; it is evident 
that the corrected input reflection coef-
ficient for the line with 2.0-dB attenua-
tion terminated with a load whose reflec-

tion coefficient is 0.68 will be the 
product of 0.631 x 0.68 = 0.429, in con-
trast to the result of 0.54 as indicated in 
the article. 

Walter Maxwell, W2DU 
Dayton, New Jersey 

triangle antennas 
Dear HR: 

The triangle antenna is a good an-
tenna. However, I always wonder why 
loop-antenna articles never include the 
fact that a full-wave loop has 2-dB gain 
over a dipole ("Quads and Yagis," QST, 
May, 1968). A square quad or triangle 
delta configuration probably won't pro-
vide all of the 2-dB gain, but then cost 
and mechanical considerations generally 
take precedence over theory. 

Wayne W. Cooper, K4ZZV 
Miami Shores, Florida 

teacher exchange 
Dear HR: 

I teach electronic, electrical, radio and 
tv, and mathematics subjects at various 
levels at the County Technical College in 
Norfolk, and I am seeking a one-year 
teacher exchange with an American 
teacher. I have been selected on this side 
but so far we have been unable to f ind an 
American teacher (and family) desirous 
of working and living in England (but 
retaining U. S. salary) for a year begin-
ning August, 1972. 

If any of your teacher readers (per-
haps, but not necessarily a radio amateur) 
would be interested in an inexpensive 
one-year "hol iday" in England, I invite 
them to write to me or contact my 
"exchange manager," WB2FBF, who will 
answer any local queries. Official details 
and application forms in the U. S. are 
available from the Office of Education, 
Washington, D. C. 20202. 

David Lake, G3ZCA 
County Technical College 

Tennyson Avenue, King's Lynn 
Norfolk, England 
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coax-cable leakage 
Dear HR: 

I read with interest VE7ABK ' s article 
in the March, 1971 issue. His comment 
about shielding (or lack of it) in RG-8/U 
brought to mind a fact that seems to be 
little known among amateurs. Common 
single-braid coaxial cables such as RG-8/U 
leak like a sieve. 

Many times this leakage does not 
matter, or the effect is not noticed; 
however, in some cases, as with repeaters 
or impedance bridges where the oscillator 
and detector levels are more than 150 dB 
apart, lack of shielding in ordinary 
coaxial cables and connectors is of major 
importance. Double-braid cables such as 
the old RG-9/U and RG-55/U, and the 
newer versions, RG-214/U and 
RG-223/U, are made for just such circum-
stances. Also, type-N connectors are 
much better than BNC. 

Ron Guentzler, W8BBB 
Ada, Ohio 

rf speech clipper 
Dear H R: 

There are two errors in the schematic 
diagram of the rf clipper described in the 
August, 1971 issue (page 19). The fixed 
capacitor across the rf input to the gate 
of the 2N5248 source-follower stage 
should be 100 pF instead of the 0.01 fxF 
shown. The 100-pF capacitor pads the 
tuning range of the Arco 403 trimmer to 
provide 130 pF, the resonant tuning 
capacitance for the mechanical filter. 

The second error is in the 2N2222 
amplifier stage. The emitter of this tran-
sistor should be bypassed with a 0.01 -juF 
capacitor to provide sufficient ac gain to 
allow clipping. It has come to my atten-
tion that it may not be possible to 
develop sufficient gain with the untuned 
2N2222 collector. This is due to a com-
bination of lower gain devices and/or the 
ommission of the source-follower input 
stage when used in a transmitter with 
high-frequency crystal filters (such as the 
Heath SB400 series). 

In such cases a 455-kHz resonant 
circuit with a loaded Q of 10 to 20 is 
required in place of RFC3. This source 
follower provides +10 dB power gain 
(voltage gain slightly less than unity). 
Without this stage there may be lack of 
drive to the clipping diodes. For Heath 
and Kenwood transmitters, an additional 
power amplifier stage should be added 
between the 2N2222 amplifiers and the 
clipping diodes. 

One other point: the part number of 
both RFC1 and RFC2 in fig. 1 should be 
3E2A, not 3K2A. 

Bruce Clarke, K6JYO 
Fullerton, California 

ac line cords 
Dear HR: 

A recent ham notebook item from 
K6JYO described a "safer suicide cord." 
Many of us are guilty of removing ac 
power cables from wall outlets by the 
simple and quick expedient of jerking the 
cable, rather than walking over to the ac 
plug. One of the dangers involved, un-
known to most of us, is that when pulled 
from some distance, the cable acts like a 
wh ip -and you can LOSE AN EYE! I 
know of one such case. It might be wise 
to stop this practice and to remind others 
as well. 

Frank Hatanaka, W6EG 

using the mailing 
wrapper 
Dear HR: 

When my copy of ham radio arrives 
each month I slit the mailing wrapper on 
the open-page side and leave it attached 
to the magazine. On the wrapper I write 
the title and page number of any article 
that interests me. After much handling, 
particularly if I build something from the 
issue, the wrapper is well stained with 
solder flux and finger marks. When I 
remove the wrapper I have a nice clean 
magazine to put with the rest of my ham 
radio file. 

Robert J. Farnum, W4PWC 
Miami Shores, Florida 
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Weller has introduced a new hollow-
tipped desoldering iron designated the 
DS-40. A vacuum bulb removes solder 
melted by the tip; this aids parts removal 
from printed-circuit boards or conven-
tional wiring. 

This new tool can also be used to 
solder in new components once the old 
ones have been removed. The hollow tip 
fits over wire leads giving 360° contact. 
This gives more uniform heating and 
better solder joints. 

The unit is designed for professional as 
well as amateur applications. Replace-
ment tips are available in a variety of sizes 
and a three-wire version is also available. 
The standard two-wire version is sold 
with a tip and vacuum bulb for $14.50. 

Use check-off on page 120 for more 
information or write to Weller, 100 
Wei Ico Road, Easton, Pennsylvania 
18042. 
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circuit-stik 

A new concept of instant printed 
circuits now permits you to rapidly build 
projects directly from a schematic 
diagram. This new approach to printed 
circuits consists of a complete family of 
circuit subelements and associated circuit 
materials. With instant printed circuits 
there is no messy etching, and in most 
instances, no need to drill any holes. 

The instant printed-circuit sub-
elements consist of printed conductive 
patterns on a very thin epoxy-glass board 
backed with pressure-sensitive adhesive. 
Subelements are available for all types of 
integrated circuits, transistors and other 
components. Any combination of circuit 
element configurations can be mixed on 
one board; The circuit subelements are all 
pre-drilled with holes on a 0.100-inch grid 
to match the pattern of 0.100-inch 
Vector board. 

As an example, assume you are build-
ing a project using a 10-lead, TO-5 
integrated circuit. Simply pick up the 
matching subelement, strip off the pro-
tective backing and stick it in position, 
matching the holes in the printed-circuit 
subelement with holes in the Vector 
board. 

The printed-circuit subelement has 
pre-drilled holes to accept the integrated 
circuit leads and provisions for connect-
ing components or leads to the integrated 
circuit. From this point, there are two 
basic ways to complete the circuit; or a 
third approach that uses a combination of 
the first two. One way to complete the 
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circuit is simply to use jumper wires and 
component leads. Or, you can use con-
ductive tape for making inter-connections 
and donut pads for terminating com-
ponent leads. 

Just place donut pads at points where 
you wish to terminate components. The 
components terminated on the donut 
pads should be mechanically secure with-
out support from the pad. That is, 
resistors and capacitors should be pushed 
through holes in the board so that the 
component rests firmly on the Vector 
board. 

To use the conductive tape, hold one 
termination point with an X-acto knife 
and strip the protective paper as the tape 
is laid down. The knife blade is then 
moved to the opposite termination, 
pressed down, and the tape is popped off 
with a quick tug. For best adhesion, roll 
the tape down with the side or heel of the 
knife or other burnishing tool. The ad-
hesive on the copper tape is electrically 
conductive, and, provided it is burnished 
for good adhesion, no soldering is needed 
for temporary patches and connections. 
However, to eliminate any possibility of 
opens or intermittents, a drop of solder is 
highly recommended at termination 
points. 

Various assortment packets of Circuit-
Stik are available from Circuit Specialists 
Company, Box 3047, Scottsdale, Arizona 
85257 at prices of $5.50, $7.95 and 
$9.95; add 35 cents for shipment by air 
mail. For more information us & check-off 
on page 120. 

hep semiconductor 
catalog 

More than 31,000 semiconductor de-
vices are cross-referenced to HEP replace-
ments in the new 1971 Motorola HEP 
Semiconductor Cross Reference Guide 
and Catalog. Included in the catalog are 
1N, 2N, 3N, JEDEC, manufacturers' 
regular and special "house" numbers and 
many international devices, with parti-
cular emphasis on Japanese types. 

Four hundred and seventy-one HEP 

TROPICAL 
HAMBOREE 
A CRUISE AT SEA 
ARRL AND QST 

1 2 t h Annual 
Tropical H a m b o r e e 

A R R L 
Southeastern Division 

Convention 
J A N U A R Y 2 2 - 2 3 , 1 9 7 2 

Miami, Florida 
ADVANCED CONVENTION 

REGISTRATION -$1 .00 
CONVENTION HOTEL RATES 

$14.00 Single, $17.00 Double 
(no advance deposit required) 

TWO CONVENTION CRUISES 
AVAILABLE 

FREEPORT ft NASSAU 
$ Q Q 0 0 

3 days, 3 nights V ® plus tax 

s e i i o o 3 days, 2 nights 1 1 J plus tax 

For details on group activities, 
luncheons, dinners and tours, 

write: 

D A D E R A D I O C L U B 
P.O. Box 73, B.A. 

Miami, Florida 33152 
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C I R C U I T 
B O A R D S 
i n 1 0 

M i n u t e s 
with just a pair 
of scissors 

? 

Pressure Sensitive Copper Foil 
Tape and Sheet 

. No Chemicals — No Mess 
• No Layout Restrictions 
• Full Instructions 
. Simple Circuit Changes 
• Flexible — Conforms to any surface shape 
. Use for Crossovers — Either insulate with 

Teflon or Mylar or use other side of board. 

5 feet 1/16" or 1/8" wide $.60 
100 feet 1/16" or 1/8" wide $9.95 

Sheets 6 " x 12" — $2.50 each 
or 5 for $9.95 

Order Now 

Cir-kib 
Division of PHASE CORPORATION 

315A Boston Avenue 
Medford, Mass. 02155 

. THE BEST 

2 METER 
C O N V E R T E R 

Model 407 

$42.95 
ppd. 

144-146 MHz in. 28-30 MHz out 
or 146-148 MHz with a second crystal 

available for $5.95 each 
A full description of this fantastic converter would 
fill this page, but you can take our word for it 
(or those of thousands of satisfied users) that it's 
the best. The reason is simple — we use three 
RCA dual Kate MOSFETs, one bipolar, and 3 
diodes in the best circuit ever. Still not con-
vinced? Then send for our free catalog and Bet 
the full description, plus photos and even the 
schematic. 
Can't wait? Then send us a postal monev order 
for $42.95 and we'll rush the 407 out to you. 
NOTE: The Model 407 is also available in any 
frequency combination up to 450 MHz (some at 
higher prices) as listed in our catalog. New York 
City and State residents add local sales tax. 

VANGUARD LABS 
Dept. R, 196-23 Jamaica Ave., Hollis, N.Y. 11423 

items are included in this guide, including 
kits, books and accessories. As in previous 
editions, the Motorola HEP devices are 
listed by type number with a packaging 
index, device dimension drawings and 
selection guide information. 

This cross-reference guide and catalog 
is available free at local HEP suppliers 
throughout the country. It should be of 
particular interest to the amateur, hobby-
ist-experimenter and the professional 
service dealer since it gives the minimum/ 
maximum ratings and the electrical char-
acteristics for the HEP devices as well as 
cross-reference information. 

no-ring crystal filter 

An extremely-sharp ten-pole ladder 
filter for narrow-band CW and pulse 
operation has been introduced by 
Spectrum International. The new model 
XL 10M is manufactured by KVG of 
West Germany and eliminates the ringing 
effect commonly found in some narrow 
bandwidth crystal filters by a near-
Gaussian response to -6 dB. The filter 
comes with built-in input and output 
transformers in its hermetically sealed 
enclosure. The filter features a bandwidth 
at -6 dB of 500 Hz, symetrical around a 
center frequency of 9 MHz and with a 
shape factor (6:60 dB) of 2. It has a 
maximum insertion loss of 10 dB and a 
minimum ultimate rejection of 80 dB. It 
sells for $59.95. 

For complete technical specifications 
write to Spectrum International, Box 87, 
Topsfield, Massachusetts 01983 or use 
check-off on page 120. 
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audio filters 
Kojo audio filters can greatly improve 

reception on all receivers by removing 
high-frequency audio hiss, background 
noise and ssb buckshot The ssb filter uses 
a low-pass design with sharp cutoff to 
provide rejection better than 30 dB at all 
frequencies above 3500 Hz. The ssb filter 
is specifically designed for placement in 
the low-impedance line to headphones or 
speaker. 

The Kojo cw filter has a spot fre-
quency of 780 Hz and a passband of 
1100 Hz with a reference level 40 dB 
below the signal level at the design 
frequency. The peak of the passband is 
100 Hz wide at the -3 dB points. The cw 
filter is designed for low-impedance input 
and high-impedance output; high-
impedance crystal-type earphones are 
recommended. 

The Kojo audio filters use top grade 
coils and quality components, and are 
available in kit form or ready-to-use 
deluxe unit enclosed in a cabinet. The cw 
filter kit is $7.95 (deluxe cw filter, 
$15.95); the ssb filter kit is $11.95 
(deluxe ssb filter, $19.95). Postpaid from 
The J. Lynch Company, Post Office Box 
7774, Phoenix, Arizona 85011. For more 
information use check-off on page 120. 

allied catalog 
The new 132-page, 1972 Electronic 

Parts and Accessories Catalog has just 
been announced by Allied Radio Shack. 
The catalog lists thousands of hard-to-
find electronic items, accessories and 
repair components in addition to the 
complete line of Knight-Kit, Science Fair, 
Allied, Realistic, Archer, Micronta and 
Radio Shack brand products. 

The new catalog, numbered 215, is 
designed for the amateur, hobbyist, kit 
builder and electronics professional. It is 
available free on request from Allied 
Radio Shack, 2725 West Seventh Street, 
Fort Worth, Texas 76107 or by using 
check-off on page 120. 

Y O U / / 
ASKED/. 

FOR IT! 
HERE IT IS! . . . one complete U.S. Callbook 
and one complete DX Callbook per year and no 
change in price. In addition you can keep your CALL-
BOOKS up-to-date through a subscription to the new 
Service Edition Series published each March 1, 
June 1 and September 1 — each one covering new 
licenses and all activity during the preceding quar-
ter. Annual subscription to complete Winter CALL-
BOOKS plus 3 Service Editions only $14.95 postpaid 
for the U.S. and $11.45 postpaid for the DX. 

Over 285,000 QTHs 
in the U.S. edition 

Over 180,000 QTHs 
in the DX edition 

These valuable EXTRA features included in both editions! 
QSL Managers Around 
the World! 
Census of Radio 
Amateurs throughout 
the world! 
Radio Amateurs' License 
Class! 
World Prefix Map! 
International Radio 
Amateur Prefixes 

Prefixes by Countries! 
Zips on all QTHs! 
A.R.R.L. Phonetic 
Alphabet! 
Where To Buy! 
Sreat Circle Bearings! 
International Postal 
Information! 
Plus much more! 

See your favorite dealer or order direct (add 25$ for 
mailing in U.S., Possessions & Canada. Elsewhere add 

50 YEARS OF SERVICE 
T O RADIO AMATEURS 

G E T YOUR NEW ISSUE NOW! 
RADIO AMATEUR 

l l b o o k INC 

Deot f 925 Sherwood Orive 
M ' L Lake Bluff. III. 60044 
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electronics hardware 

NEED CRYSTALS? 

We can supply 
from 2KHz to 80 
many types of 

S P E C I A L S 

crystals 
MHz in 
holders. 

Color TV crystal <3579, 545KMr) wire leads 

100 K H j frequency standard crystal (HC 13/U) 

1000 KHj frequency u.nnd.ird (HCfc/U) 

Any CB crystal, trans. or ret. 

(eicept synthesiJer trjrtlali) 

Any amateur band crystal In FT -243 Holders 

<e«cept 80 -160 meters) 

8 0 meter crystals in FT -243 holders 

4 for $5.00 S1.60 
4.50 

4.50 

2.50 

1.50 4 for $5.00 

2.50 

m 
CRYSTALS 

We haw In slock over sl» million crystals which 
include types CR1A/AR, FT243. FT241, MC7, HCfc/U, 
HC13/0, HC25/U, HC18/U, etc. Send 1 0 f for our 
1971 catalog with oscillator circuits, listing thousands 
of frequencies in stock for immediate delivery. (Add 
10c per crystal to above prices for shipment 1st class 
mail; 15f each for air mail.) 

Special Quantity Prices to 
Jobbers and Dealers. 

ORDER DIRECT 
with check or money order 

to 

2400H Crystal Drive 
Fort Myers, Florida 33901 

FM 
145 AND 220 MHz 

REGENCY, CLEGG, TEMPO 
AND STANDARD 

VHF ANTENNAS 
FIXED AND MOBILE 

CUSHCRAFT, HY-GAIN, ANTENNA 
SPECIALISTS AND NEW-TRONICS 

Ready for shipping 
anywhere in the U.S.A. from: 

COMMUNICATIONS WORLD, INC. 
4788 STATE ROAD 

CLEVELAND, OHIO 44109 
(216) 398-6363 

(From the Midwests Newest 
Complete Communications Center.) 

International Rectifier Corporation 
has introduced a new line of semicon-
ductor hardware for home experimenters. 
The line includes integrated-circuit and 
transistor sockets, universal heat dissi-
pators, heat exchangers, semiconductor 
mounting kits and a dual-in-line com-
ponent carrier. 

A total of eight sockets are available, 
including three matched integrated-circuit 
sockets for 8-, 10- and 12-pin TO-5 case 
styles. Prices are 65 to 75 cents in 
assorted quantities. Low profile, dual-in-
line IC sockets will be available in 14- and 
16-pin sizes at 80 to 99 cents in assorted 
quantities. This is the industry's first full 
assortment of sockets for every hobbyist 
purpose. 

The International Rectifier universal 
transistor sockets are designed to be used 
with in-line plastic SCRs, triacs and some 
19 transistor bases. Sockets for power 
transistors feature high reliability and 
brass/cadmium plated contacts, with a PC 
board drilling template provided with 
each socket. 

The Diamond Line of semiconductor 
hardware will also include a wide range of 
heat exchangers to control semiconductor 
operating temperatures and extruded 
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aluminum heat sinks designed to deliver 
increased power dissipation per unit of 
cost. 

The heat exchangers are available with 
universal hole patterns for various semi-
conductor types and TO-5 case configura-
tions. A universal heat dissipator for all 
power tab plastic transistors, S C R s and 
triacs will be introduced to the line. 
Priced at 68 cents, the clip and dissipator 
assembly may be mounted vertically or 
horizontally as circuit density dictates. 

Mounting kits for transistors and recti-
fiers will include hardware, insulating 
mica washers, wiring lugs and other com-
ponents for application requiring elec-
trical isolation. 

A component carrier for mounting 
discrete components and integrated com-
ponent packages rounds out the semicon-
ductor hardware line and enables the 
hobbyist to create his own dual-in-line 
ICs. The carrier plugs into standard 
0.100 x 0.300-inch dual-in-line sockets or 
into printed-circuit boards with the same 
grid pattern. 

The component carrier is available 
with a snap-on cover. Clearance for com-
ponents within the cover is keyed to 
accept a broad range of component and 
package sizes. Heavy duty pins accept 
wires and leads to size 24. Available at 
your local electronics dealer. For more 
information use check-off on page 120. 

radio-electronics 
hobby projects 

This new book by the editor of 
Radio-Electronics magazine provides a 
unique assortment of 32 practical elec-
tronics projects for the experimenter. For 
technicians the book includes projects on 
a fet dual-trace scope switch, a 3-way 
waveform generator, a scope calibrator, 
an audio tone-burst generator, a low-
voltage electrolytic tester, a dot/bar 
generator and an fm stereo multiplex 
generator. 

For the hi-fi buff there are multiplex 
tuners and adapters, stereo amplifiers and 
modifiers, mixers and speaker systems. 

24 hour digital clock 

Mndo in U . S .A . 

ALL SOL ID STATE 
INSTRUMENTAT ION 
QUALITY $99.00 

long-lile bright red neon readout 
flashing bright red neon Station-ldent 
built-in rechargeable battery (or short interval power 
failures 
standard metal cabinets in choice of black or gold 
optional wood cabinets in walnut or maple finish 
12 hour version also available 

A N p A M Accuracy: based on the U.S. power 
9 | I C b O grid 60 Hz standard of within 3 sec-
onds per year. Circuit: TTL logic with conserva-
tively rated components. 15 integrated circuits, 
4 transistors, 7 diodes, fiberglass printed circuit 
board with 2 oz. copper. Readout: Neon lubes, 
rated 200,000 hour life ( 22+ years). Station-
ldent: Neon light, flashes for a 30-second inter-
val every 10 minutes as a station identification 
call reminder; disable switch provided. Power 
requirements: 117 volts 60 Hz, AC, 6 watts. Size: 
5'/i" W x 3" H x D. Weight: 2Vi lbs. 

W f l m n l v Unconditionally guaranteed for one year 
warranty o n a|| p n r t s a n ( j |at,or under normal use. 

P L E A S E S E N D ME: 
(check one) 
O 24-hour clock with 

Station-ldent (S99.00) 
• 12 hour clock without 

Station-ldent ($93.00) 
• Free Literature 

P L E A S E PR INT 

name 

(check one) 
Standard metal cabinet 

(no extra charge) 
• black • gold 

Optional wood cabinet 
(Add S9.00 to clock price) 
• walnut O maple 

street 

city slate 

P A Y M E N T BY (check one) 
O Check or money order 
O BankAmericard 

Card " 

zip 

• C O D (Send $20.00 
with order) 

• Master Charge 

Signature 

All postage prepaid except COD. 
Ohio residents add 4 ' /z% sales tax. H A M 

AiRO-METRID GENERAL INC. 
155 FRANKLIN STREET 
DAYTON, OHIO 45402 
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faultless 

RTTY 
The wor ld 's first fully au tomat ic 

Phase-Locked Loop RTTY termina l unit . 
Now includes 

DIGITAL SIGNAL PROCESSOR 
(signal regenerator and parity check) 

• Copies shifts f r o m 1 0 0 to 1 0 0 0 Hz 
automat ica l ly 

• Auto-track for dr i f t ing signals 
• Enters " m a r k - h o l d " when signal fades 
• Input tone range switchable to operate 

with SSB transceiver audio 
• Autostart and selective call avai lable 
N E W O P T I O N S : 
Electronic Speed Converter • lets any 100 w p m 

mach ine print 60 , 7 5 or o ther lower speed 
signals 

Electronic Select ive Cal l - solid state "s tunt box" 
ASCI I and crypto opt ions also ava i lab le 

Write today for detai led specif ications 
Also see us for tone burst encoders for 

reliable repeater access. 

W C I 
PO Box 17, Schaumburg, ill. 60172 

D R A K E T R - 4 
Still the leading transceiver 

Only $599.95 
without noise blanker 

Visit, Call or Wri te Today E l e c t r o n i c s C e n t e r , Inc . 
2 9 2 9 N O R T H H A S K E L L 
DALLAS, TEXAS 7 5 2 0 4 

214 -526 -2023 

Don' t miss our 
Sidewalk Sale and Swapfest 

f irst Saturday of each m o n t h 

Mus ica l l y - inc l ined e x p e r i m e n t e r s w i l l f i n d 
v i b r a t o and t r e m o l o devices, r h y t h m 
l ights plus a c o m p l e t e synthes izer . T h e 
a u t o enthusiast w i l l f i n d devices such as 
an e lec t ron ic ign i t ion sys tem, a r o a d icing 
a l a r m a n d an a u t o m a t i c w i n d s h i e l d - w i p e r 
pause-cont ro l le r . F o r t h e h o m e h a n d y -
m a n the re are t imers , a tape-s l ide 
s y n c h r o n i z e r , a p h o t o t a c h , and an I C 
sound re lay , a m o n g others . Each p r o j e c t 
includes a d e t a i l e d par ts list and a c o m -
p le te schemat ic o r w o r k i n g d r a w i n g , p lus 
e x p l i c i t ins t ruct ions o n bu i ld ing , cali-
b r a t i n g a n d o p e r a t i n g t h e c o m p l e t e d u n i t . 
1 9 2 pages, m a n y i l lustrat ions. $ 6 . 9 5 hard-
b o u n d , $ 3 . 9 5 p a p e r b o u n d f r o m T A B 
Books , B lue R i d g e S u m m i t , Pennsylvania 
1 7 2 1 4 . F o r m o r e i n f o r m a t i o n use check-
off o n page 1 2 0 . 

m i d g e t r a t c h e t k i t s 

T h e C h a p m a n M a n u f a c t u r i n g C o m -
pany has a c o m p l e t e l ine o f m i d g e t 
ra tchet k i ts t h a t should be especial ly 
interest ing t o t h e h o m e e lectronics exper -
i m e n t e r . These kits inc lude all types o f 
d i f f i c u l t - t o - f i n d dr ive too ls inc lud ing 
Bristol mul t ip le -sp l ine adapters, A l l e n 
head adapters, Phi l l ips head adapters, 
R e e d and Pr ince adapters a n d s lot ted-
head adapters, as we l l as a %- inch dr ive 
adapte r . T h e A l l e n head adapters are 
avai lable in b o t h Engl ish a n d m e t r i c sizes. 

T h e C h a p m a n adapters are const ruc ted 
o f h igh-strength c h r o m e n icke l m o l y b -
d e n u m a l loy steel a n d a re precision 
m a d e t o insure a p r o p e r f i t . T h e i r dua l -
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purpose knurled "spinner tops" allow for 
quick finger tightening of threads and for 
instant "push-down" removal of the 
adapter from the ratchet The Chapman 
ratchet, designed to function in confined 
areas, operates with minimum movement 
of the handle. 

The 6320 tool kit shown in the photo-
graph above includes 1 midget ratchet, 1 
extension, 1 screw-driver handle, 12 Allen 
hex adapters, 2 slotted-head adapters, 2 
Phillips head adapters and a %-inch drive 
adapter. The 6320 ki t is priced at $12.95 
at your local distributor. Manufactured 
by The Chapman Manufacturing Com-
pany, Route 17, At Saw Mill Road, 
Durham, Connecticut 06422. For more 
information use check-off on page 120. 

new alkaline batteries 

A new generation of alkaline batteries, 
so good that they can outperform all 
previous types by as much as 20 to 25 per 
cent, has been introduced by the Mallory 
Battery Company. The new Duracell* 
batteries have higher energy capacity than 
any other alkaline batteries available up 
to now, made possible by an entirely 
different internal construction, with 
fewer parts allowing for an increased 
volume of energy-producing materials in 
the battery. 

Featuring a new copper and black 
label design, the batteries wil l be manu-
factured in all popular sizes for use in 
radios, cameras, flashlights, tape re-
corders, and other consumer products. 
Available at your local dealer. 

•Duracell is a registered trade mark of P. R. 
Mallory & Co., Inc. 

ELECTRONICS 
LIMITED 

The KW2000B 
the transceiver 
with 160 Meters 
$699 withspkr 
and AC pwr supply 

NOWin the USA 
l ( W Electronics 

DtvintOM or SVSTCOMS I nC 

10 Peru St., Plattsburg, N.Y. 12901 

GEM-QUAD FIBRE - GLASS 
ANTENNA FOR 10, 15, and 20 METERS. 

Two Elements 
Extra Elements 

$107.00 
$60.00 ea. 

Submit Payment with Order 
Shipped Freight collect. 

Price includes 
Canadian Federal Sales Tax 

or U.S. Customs Duty. 

KIT COMPLETE WITH 
' SPIDER 
> ARMS 
' WIRE 
• BALUN KIT 
» BOOM WHERE NEEDED 

SEE OUR FULL PAGE IN MAY ISSUE 

Buu two elements now — a third and fourth may 
be added later with little effort. 

Enjoy optimum forward gain on DX, with a 
maximum back to front ratio and excellent side 
discrimination. 

Get a maximtim structural strength with 
weight, using our "Tridctic" arms. 

MANITOBA DESIGN INSTITUTE 
AWARD WINNER 

low 

m Canadian Patent No, 794506 
U.S. Patant Ho. 3532315 

20 Burnett Avenue, Winnepeg 16, Manitoba, Canada 
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or. 

PUOM** •*•<»«•«"• 

IC 
KEYER 

• Self 
completing 

• Dot 
memory 

$77.50 
PPD USA 

ssb transceiver 

FREQUENCY 
STANDARD 

Precision crystal 
Markers at 100, 50, 
2 5 , 1 0 or 5 kHz. 

$32.50 
(less batteries) 

PPD USA 
Send for 
free brochures 

PALOMAR ENGINEERS 
BOX 455, ESCONDIDO, CA 92025 

NEW CONCEPT 
in reflector antennas 

QUASI PARABOLIC DESIGN 
• optimized petal shape with extruded rim 

structure, 7 ft. diameter 
. kit form — 10 aluminum petals, easy to 

assemble 
. 26 db gain at 1296 MHz with our feed 31 db 

at 2625 MHz 
• rigid structure, ground mounting system 

included 
. $150 without feed, optional feed and alternate 

mount systems available 
• write for free brochure — patent pending 

T. J. ASSOCIATES 
P. 0. Box 832 

Los Altos, California 94022 

The Robyn International Model 500 
high-frequency ssb transceiver features 
6-digit frequency readout with 100-Hz ac-
curacy. The transceiver runs 500 watts 
PEP on all bands, 80 through 10 meters 
and boasts a complement of over 125 
semiconductors and six vacuum tubes in 
addition to the six Nixies in the digital 
readout. An ac power supply, speaker and 
microphone are included in the price of 
$895; an optional 12-Vdc supply is avail-
able. 

For more information write to Robyn 
Internat ional , Box 478, Rockford, 
Michigan 49341 or use check-off on page 
120. 

vhf scaler 
The new Dycomm digital vhf fre-

quency divider/prescaler, the model 
PSU-13, is a high-sensitivity unit with a 
divide-by-ten scaling factor. The unit 
operates over a minimum frequency range 
of 10 to 240 MHz. Inherently sensitive, it 
will operate properly throughout its fre-
quency range with input levels under 500 
mV, and is quaranteed to operate at 180 
MHz with an input level of 100 mV. 

Advanced circuitry and design are 
featured in the PSU-13. The heart of this 
circuitry is a custom medium-scale inte-
gration integrated-circuit chip. Other 
notable features include a high output 
level of 2 volts peak-to-peak (minimum) 
across an open circuit, with typical out-
put levels of 3.5 volts. This feature is 
enhanced by a capability to drive up to 2 
feet of coaxial output cable while measur-
ing or dividing frequencies in excess of 
150 MHz. The PSU-13 has proven ex-
temely satisfactory when used as a pre-
scaler for Monsanto, Heath, Hewlett-
Packard and other counters. Those not 
owning counters may use the PSU-13 
with a calibrated communications re-
ceiver to obtain relatively accurate fre-
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quency measurements. The PSU-13 will 
also serve to sync vhf signals with oscillo-
scopes having frequency responses in the 
10- to 30-MHz range. 

Sold complete and ready to operate 
(not a kit), the PSU-13 is factory-adjusted 
for maximum sensitivity over its entire 
range. All adjustments are internal and 
need not be continuously varied by the 
owner. 

Complete with self-contained 110-Vac 
power supply the PSU-13 weighs less than 
1% pounds. Attractively finished in 
modern flat black with white lettering 
and power cord, the PSU-13 is a natural 
complement for any existing frequency 
counter or communications equipment. 
$89.95 from Dynamic Communications, 
Inc., Post Office Box 10116, Riviera 
Beach, Florida 33404. For more informa-
tion use check-off on page 120. 

solid-state battery 
The Mai lory solid-state battery was 

developed as a highly reliable, extremely 
long shelf-life power source. The anode is 
lithium and the cathode a metal salt; the 
electrolyte is a lithium ion-conductive 
electronically insulative solid. The elec-
trolyte also serves as the separator 
between the anode and cathode. The 
reactive nature of the materials used in 
these new batteries requires that they be 
hermetically sealed. The absence of any 
liquid in the system completely elim-
inates corrosion or gassing. 

Construction of the new batteries is 
simple: the cells are fabricated by 
pressing the individual components 
together. The cells are stacked in a 
suitable container and sealed with a 
hermetic cap. No containers are needed as 
in conventional battery; this feature is 
ideal for high-voltage low-current power 
sources. 

Mal lory solid-state batteries are 
currently available only in research quan-
tities. Interested parties should contact 
Mallory Battery Company, Tarry town, 
New York 10591 for information and 
discussion of their particular require-
ments. 

!FM 
NEW! HANDY-TALKY 

STANDARD SRC-146 
• 5 Channels — .94/.94 and 

.34/.94 supplied 

• .3 /xV Receiver 

• 1.5 W Transmitter 

• Compact — 8x3x114" 
Full line of optional accessories 
includes external speaker-mike, 
desktop charger, "stubby" anten-
na — and more 

Available NOW 
.. Only $279.00 

Send OSL or circle number lor detailed brochure 

ERICKSON 
C O M M U N I C A T I O N S 
4659 North Ravenswood Avenue 
Chicago, III. 60640 (312) 334-3200 

USED TEST EQUIPMENT 
All checked and operating unless otherwise 
noted, FOB Monroe. Money back (less shipping) 
if not satisfied. 
Dumont 303-10mHz fast rise/trig, scope 125 
Fluke Monotronics 207-1 Precision VLF Receiver-
Comparator transistorized 640 
GR1419K-Prec. Decade Capacitor 120 
GR1432M-Prec. Decade Resistor 75 
GR1603A-Z-Y bridge 176 
Gen. Microwave 550-WWV rcvr w/scope 245 
HP434A-Power mtr.lOMW-lOW DC-12.4gHz .790 
HP525A-10-100mHz plug-in for above 85 
HP525B-100-220mHz plug-in for above — 95 
HP526B-Time interval plug-in for above 45 
HP608B-Stand. sig. gen. 10-410MMz 385 
Kay 570A Rada-puiser 10-80MHz 195 
Kintei 301-D.C. standard-null voltmeter 235 
NE Eng 14-20C-10mHz freq counter 

(as is less time standard) 180 
NE Eng 14-20C-complete, checked ...295 
NE Eng 14-20C-W/plug-in to lOOmHz 355 
NE Eng 14-21C-10-100mMz conv for abv 85 
NE Eng 14-22C-100-220mHz for abv 95 
Non-linear M-24 DVM system complete 585 
Polarad R microwave rcvr (plug-ins avail) 275 
Polarad TSA-spec. anal. 10mHz-44gHz 

(plug-ins avail) 325 
Sierra 121 wave analyzer 15-500kHz 215 
Stoddart NM-10A RFI mtr. 10-250kHz w/ACC 630 
Tektronix 513D-20mHz scope 275 
FR4/U freq. mtr. .001% ACC 125kHz-20MHz 125 
TS810/U scope calibrator 72 
RD-142A-Dual channel, 24-hr tape recorder..145 
URM25E-10kHz-50mHz stand sig gen .195 
URM26A-3-410mHz stand sig. gen. 225 
USM68-Microwave pwr mtr-450mHz-up-to 5W 110 
USM105A-MH version HP160 scope 

w/dual trace plug-in 550 
(Send SASE for complete list) 

f i n i u Electronics 
lllfnT P. O. Box 941 Monroe, Ml 48161 

Specializing in used test equipment 
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BIG HAM SHOW 
What's all the chatter and noise we hear? 
It's HAMS ! Checkin' out mobile gear. 
It's SAROC time in the gamblin' State 
Send your reservations in, before it's too late. 
January 6-thru 9 that's the time to go 
To see ham friends and attend a show. 
The YL's will love it — so much to do 
One arm bandits and a luncheon too. 
There's a great first prize — Many others, 

as well 

You might be a winner — You never can tell. 
If you've never been to a SAROC fest — 
You missed the ham convention that's rated 

best. 
So let's get ready, get set and go 
To eye ball at SAROC ~ THE BIG HAM 

SHOW! 
by xyl of K6SF 

SAROC 
BOX 73 

BOULDER CITY, NEVADA 89005 

Worldradio 
You homebrewed, trouble-shot, modified and 

tuned the rig. You experimented with all the 

antennas, and you finally have yours tuned as 

sharp as a gnat's toothpick. You can hear 50 dB 

below the noise. What's next? 

Who was that person who gave you the 5 by 9 

in Brazil with your new skyhook? Who was that 

fellow who gave you that "first V K 9 " or that 

fiftieth VU2? Was he a doctor? A missionary? 

A teacher? 

Worldradio is a new amateur newspaper, DEVOID 

OF POLITICS, believing strongly that amateur 

radio is only partially reaching its potential to 

build bridges between people — around the world 

or just on the other side of the local repeater. 

We're all interested in the technical aspects of 

our hobby, but WORLDRADIO is trying to com-

plete the picture with insight into the people who 

are making our hobby the unique and fascinating 

international service which it is today. 

For a free sample copy of Worldradio — the 

international communications report — just write 

to: 

Worldradio 
2509 Donner Way 

Sacramonto, California 95818 

audio power module 
Sinclair Radionics announced the first 

integrated circuit amplif ier and preampli-
fier, the IC-10, nearly three years ago. 
Integrated circuit product ion technology 
has improved tremendously during this 
period of time, and now Sinclair/ 
Audionics is proud to introduce the new 
IC-12. 

The IC-12 offers a number of impor-
tant advantages over the IC-10 and other 
similar devices now available at low cost 
to the hobbyist or commercial user. 
Perhaps most important is the useful 
amount of power available combined 
with very low harmonic distortion. Of 
equal importance is the ease in which the 
IC-12 may be used. Each IC-12 is sup-
plied with a comprehensive instruction 
manual and a predril led and etched cir-
cuit board. The circuit board accepts the 
required external components and the 
IC-12. The IC-12 is supplied in a 16-pin 
dual-inline package and may be used as an 
integral part of other circuitry. In addi-
tion, no t r i cky initial setup bias adjust-
ments are required; simply add the addi-
tional external components and the IC-12 
is ready to perform as a high-gain wide-
band audio amplif ier. 

The IC-12 is basically an operational 
amplif ier with a quasi-complementary 
output stage. Power supply requirements 
are thus simple and inexpensive. The idle 
current consumption of the IC-12 is only 
8 mA making batteries practical as a 
power source. The Sinclair PZ-5 supply is 
also ideal for use with the IC-12 and wi l l 
power a pair to rated output. Aside from 
having simple setup and power supply 
requirements, the IC-12 is also very 
rugged and stable. No addtional heat-
sinking is required; an extruded alumi-
num f in is part of the package and is 
more than adequate under all normal 
operating conditions. 

Power output of the IC-12 is 6 watts 
into 8 ohms (with a 30-volt power 
supply). Total harmonic distort ion is less 
than 1% at any audible audio frequency. 
Frequency response is 5 Hz to 50kHz ±1 
dB, depending upon the values of the 
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external components. Total device gain is 
90 dB; noise is - 7 0 dB or better. The 
IC-12 is priced at $8.95 from authorized 
dealers, or from Audionics, Inc., 8600 
Northeast Sandy Boulevard, Portland, 
Oregon 97220. For more information use 
check-off on page 120. 

electronics self-taught 
with experiments 
and projects 

Rather than simply telling you how to 
build some electronic gadget, and leaving 
you wondering why he bothered, this 
unique beginner's guide to electronics by 
Jim Ashe offers a much more worthwhile 
challenge, and greater assurance of gain-
ing useful knowledge from its use. 
Written especially for serious experi-
menters, hobbyists and students this 
book shows why certain things are done, 
tells how devices and circuits work, and 
suggests innovations that spur the reader 
forward to more important work in elec-
tronics. 

Using what he calls a "new" electronics, 
author Ashe puts things in a different 
light than other writers - a fresh per-
spective that helps you see certain funda-
mentals clearly and gain new insights into 
today's electronics. The author tells how 
to set up a home lab (for around $20.00 
for those who are thrifty) and what tools 
and equipment are necessary. 

The book divulges many fascinating 
tricks with ordinary garden variety diodes 
and transistors. Expensive, special-pur-
pose types are not needed. In fact, the 
author continually stresses the impor-
tance of keeping things simple and in-
expensive. There are circuits and projects 
using integrated circuits, plus communica-
tions devices, logic circuits, industrial 
devices and lab-type equipment the 
reader can build and calibrate himself. 
$7.95 hardbound; $4.95 paperbound, 
from TAB Books, Blue Ridge Summit, 
Pennsylvania 17214. For more informa-
tion use check-off page 120. 

USED GEAR 
Drake 2C Receiver $195.00 
Drake TR-4 395.00 
Drake TR-3 295.00 
Knight 260 Transmitter 39.95 
Hallicrafter HT-40 39.95 
Hallicrafter HT-44 199.95 
Hailicrafters HA-4 electronic keyer 39.95 
Hallicrafter SR-42A 2 meter 119.95 
Johnson Ranger I 79.00 
Johnson Viking II 69.95 
Heath Appache TX-1 115.00 
Heath SB-640 LMO 89.95 
Heath SB-101 279.95 
Collins 32S3 595.00 
Collins 32S1 295.00 
Collins 75S1 295.00 
Collins 75S3B 475.00 
Collins 75A3 150.00 
Collins KWM-1 209.95 
Collins KWM-2 595.00 
Collins 516F-2 ac supply 110.00 
Collins SM-2 Microphone 35.00 
Collins 312-B4 console 135.00 
Polycom 2-meters 219.95 
Gonset G-76 with AC+DC Supp 129.95 
Gonset GC105 2 meters 129.95 
Gonset Comm IV 2 meters 149.95 
Swan 250 Six meters 199.95 
National NCX-3 ac supply 69.95 
National NCX-3 159.95 
Curtis EK-39M electronic keyer with 

programmable memory 149.95 
Waters 3002 phone patch 59.95 
Hammarlund HQ-100 110.00 
Hammarlund HQ170A VHF 249.00 

AMRAD SUPPLY 
1025 HARRISON STREET 

OAKLAND, CALIFORNIA 94607 
415/451/7755 

Many thousands of you have be-
come very familiar with the vari-
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com-
munication. 

It includes numerous technical 
and construction articles in addi-
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 
We can now offer this fine maga-
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out-
going QSL Bureau) for $9.60 a 
year. 

Box 592 Amherst, New Hampshire 03031 
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short circuits 
versatile vox 

In fig. 1 of this article, which appeared 
in the July 1971 issue, the transistors 
labeled 2N222A should be 2N2222A. 
Relay K2 should have been identified as a 
Hi-Vac type HC-1. 

The receptacles on the output side of 
K2 should be labeled (from the top) 
"receiver," "antenna," and "P. A. tank." 
Also in fig. 1 the terminal labeled "to 
keyline" should be disconnected from the 
solder dot in the line between S1B and 
K1A and instead connected to the junc-
tion of R3 and the 0.01-//F capacitor. 

high-power linear 
In fig. 1, page 59 of the April, 1971 

issue, the control-grid bias supply should 
be grounded at the positive end of the 
40-/uF filter capacitor nearest the 25k 
potentiometer. 

deluxe mosfet converters 
In fig. 1, page 42 and 43 of the 

February, 1971 issue there should be 
10-pF capacitor between the rf amplifier 
on page 42 and the mixer on page 43. 
Piston trimmers are JFD VAM010W or 
Johanson 2951. 

RTTY multimeter 

In the circuit for the R T T Y multi-
meter in fig. 13 on page 29 of the March, 
1971 issue, the 20k resistor should be 
200k. Also, the duty cycles quoted are 
incorrect; these should be approximately 
33% for Teletype and 29% for Western 
Union. Calibration remains correct for 
standard Teletype machines. 

sonobaby 

Two of the diodes in the Sonobaby fm 
transmitter in fig. 2 on page 12 of 
October, 1971 issue are reversed — the 
two diodes on the right-hand side of the 
full-wave bridge should be turned around 
for proper operation. 
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Radio A m a t e u r s 
i Reference Library 

of Maps and Atlas 

WORLD PREFIX MAP - Full color. 40" x 28", shows 
prelixes on each country . , . DX zones, tirne zones, 
cities, cross referenced tables postpaid $1.25 
RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD— f rom the center of the United States! Full 
color, 30" x 25", listing Great Circle bearings in de-
grees for six major U.S. cities; Boston. Washington. 
D.C.. Miami. Seattle. San Francisco & Los Angeles. 

postpaid $1.25 
RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25" — includes Central America and the 
Caribbean to the equator, showing call areas, zone 
boundaries, prefixes and time zones, FCC frequency 
chart, plus informative information on each of the 50 
United States and other Countries postpaid $1.25 
WORLD ATLAS — Only atlas compiled for radio ama-
teurs. Packed with world-wide information — includes 
11 maps, in 4 colors with zone boundaries and coun-
try prefixes on each map. Also includes a polar pro-
jection map of the world plus a map of the Antarctica 
— a complete set of maps of the world. 20 pages. 
size 83/« " x 12" , postpaid $2 0 0 
Complete reference library of maps — set of 4 as listed 
above P°stpaid$3.50 

See your favorite dealer or order direct. 

WRITS FOR 
m t 

BROCHURE! 

RAOIO AMATEUR 

^ c a 
Dept. I 

l l b o o k INC. 

QPNT F 925 Sherwood Drive 
F U 11 Lake Bluff, III. 60044 

KOJO AUDIO FILTERS FOR SSB AND CW 
The KOJO audio filters can greatly improve reception 

on all receivers, even the most sophisticated receivers. 
Large amounts of high-frequency hiss, background noise 
and sideband buckshot can be removed. 

The S S B filter is of a low pass configuration, designed 
with a sharp cutoff to provide a rejection of better than 
3 0 decibels at all ham band frequencies above approxi-
mately 3 5 0 0 Hz. The filter is spec i f i ca l l y designed to be 
placed In a low-impedance line for earphones or speaker. 

The CW fi lter has a 
spot frequency of 7 8 0 Hz 
and a passband of 1 1 0 0 
Hz w i t h a r e f e r e n c e 
level, 4 0 decibels below 
the signal level a t the 

DELUXE d e s i g n f r e q u e n c y . T h e 
peak of the passband is 

»SSB I O O Hz wide at the — 3 
decibel reference points. 
The C W filter is specifi-
cally designed for low-

impedance input and high-impedance output. High- imped-
ance crystal earphones are recommended. However, with 
low impedance earphones a small auxil iary amplif ier or 
impedance matching transformer may be used. 

KOJO filters are made up of top grade coils and com-
ponents and are available in easy to assemble kit form 
with s implif ied instructions, or in a deluxe model. The 
deluxe model is completely built up and ready for use and 
is enclosed in a Gray cabinet® with convenient 1N -0UT 
switch. 

Try a KOJO and see what you can hear now and could 
not clearly hear before. 
" S l i g h t cabinet layout changes subject to take place 
without notice. 

CW Filter Kit $ 7.95 Deluxe CW Filter $15.95 
S S B Filter Kit $11.95 Deluxe S S B Filter $19.95 
AM filters shipped postpaid. Arizona residents add -1% 
sales tax. 

THE J. LYNCH CO. 
P. O. Box 7774, Phoenix, Arizona 85011 



ham radio 
index to volume IV -1971 

This index covers all articles publ ished in ham 
radio dur ing 1971. The articles are listed 
alphabetically under each category along w i t h 
the author , page number and mon th . Categories 
are: antennas and transmission lines; commer-
cial equ ipment ; const ruct ion techniques; f m 
and repeaters; integrated circui ts; key ing and 
cont ro l ; measurements and test equ ipment ; 
miscellaneous technical; power supplies; re-
ceivers and converters; R T T Y ; semiconductors; 
single sideband; transmitters and power ampli-
fiers; vh f and microwave. Art ic les fo l l owed by 
(HN) appeared in the ham notebook. 

antennas and transmission lines 

Antenna coupler, six-meter 
K 1 R A K p. 44, July 

An tenna matcher, one-man 
W4SD p. 24, June 

A n t i - Q R M methods 
W3FQJ p. 50, May 

A r m y loop antenna — revisited 
W3FQJ p. 59, Sept. 

Balun, adjustable fo r yagi antennas 
W6SAI p. 14, May 

Beverage antenna 
W3F QJ p. 67, Dec. 

C o a x i a l cab le , c h e c k i n g (letter) 
W 2 0 L U p. 68, May 

Coaxial-cable f i t t ings, type-F 
K 2 M D O p. 44, May 

Col linear array fo r t w o meters, 4-element 
W B 6 K G F p. 6, May 

Coll inear antenna ( letter) 
W6SAI p. 70, Oct. 

Compact antennas fo r 20 meters 
W4ROS p. 38, May 

Corner ref lector antenna, 432 MHz 
W A 2 F S Q p. 24, Nov. 

Double bi-square array 
W 6 F F F p. 32, May 

Ground-plane, mu l t iband 
(HN) p. 62, May 

Ground rods ( letter) 
W7FS p. 66, May 

Guy rope 
(HN) p. 66, Oct. 

I nverted-vee antenna (letter) 
W B 6 A Q F p. 66, May 

I nverted-vee antenna, mod i f ied 
W 2 K T W p. 40, Oct . 

Power in reflected waves 
Woods p. 49, Oct . 

Rotator , AR-22, f i x ing a st icky 
W A 1 A B P p. 34, June 

Rotator , T-45, improvement 
(HN) p. 64, Sept. 

Single feedline f o r mul t ip le antennas 
K2ISP p. 58, May 

Smi th charts ( let ter) 
W 2 D U p. 76, Dec. 

Stress analysis o f antenna systems 
W 2 F Z J p. 23, Oct. 

SWR bridge 
WB2ZSH p. 55, Oct. 

T ime-domain re f lectometry , practical 
exper imenter 's approach 
W A 0 P 1 A p. 22, May 

Tower, homemade t i l t -over 
W A 3 E W H p. 28, May 

Transmission lines, grid d ipp ing 
( H N ) p. 72, Feb. 

Transmission lines, uhf 
W A 2 V T R p. 36, May 

Triangle antennas 
W3FQJ p. 56, Aug. 

Triangle antennas (letter) 
K 4 Z Z V p. 72, Nov. 

Triangle beams 
W3FQJ p. 70, Dec. 

Two-meter f m antenna 
(HN) p. 64, May 

Vert ical fo r 8 0 meters, top- loaded 
W 2 M B p. 20, Sept. 

audio 

Aud io age principles and practice 
W A 5 S N Z p. 28, June 

Aud io CW f i l ter 
W 7 D I p. 54, Nov. 

Audio-osci l lator module, Cordover 
WB2GQY p. 44, March 

Microphone preampl i f ier w i t h age 
Bryant p. 28, Nov. 

Phone patch 
W8GRG p. 20, July 

Rf cl ipper for the Coll ins S-line 
K 6 J Y O p. 18, Aug. 
Correct ion p. 80, Dec. 

Speech c l ipping in single-sideband 
equipment 
K 1 Y Z W p. 22, Feb. 

Speech processor, IC 
V K 9 G N p. 31, Dec. 

Tape heads, cleaning 
K 6 K A p. 67, Nov. 

Vox , versatile 
W 9 K I T p. 50, July 
Shor t c i rcu i t p. 96, Dec. 

commercial equipment 

Al l iance.T-45 ro ta tor improvement 
(HN) p. 64, Sept. 

CDR A R - 2 2 ro ta tor , f i x i ng a st icky 
W A 1 A B P p. 34, June 
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Col l ins 32S-3 audio 
(HN> p. 64, Oct. 

Col l ins 7 5 A - 4 modifications 
( H N ) p. 67, Jan. 

Col l ins S-line, rf cl ipper for 
K 6 J Y O p. 18, Aug. 
Correct ion p. 80, Dec. 

Corndel speech processor, increasing the 
versatility of 
( H N ) p. 67, March 

Heath HW-12 on M A R S 
( H N ) p, 63, Sept. 

Heath HW-17 modif ications 
( H N ) p. 66, March 

Heath HW-100 tuning knob, loose 
( H N ) p. 68, June 

Heath S B - 2 0 0 amplifier, modify ing for the 
8 8 7 3 zero-bias triode 
W 6 U O V p. 32, Jan. 

Heath S B - 2 0 0 amplifier, six-meter conversion 
K 1 R A K p. 38, Nov. 

Heath S B receivers, R T T Y reception with 
( H N ) p. 64, Oct. 

Heathkits, noise limiter for 
( H N ) p. 67, March 

Heath ten-minute timer 
K 6 K A p. 75, Dec. 

Mini-mitter II 
W 6 S L Q p. 72, Dec. 

Motorola f m receiver mods 
( H N ) p. 60, Aug. 

Motorola P-33 series, improving 
W B 2 A E B p. 34, Feb. 

Motrac Receivers (letter) 
K 5 Z B A p. 69, J u l y 

Swan television interference: an 
effective remedy 
W 2 0 U X p. 46, Apr i l 

S w a n 350, receiver incremental tuning 
( H N ) p. 64, J u l y 

Ten-Tec R X 1 0 communicat ions receiver 
W 1 N L B p. 63, June 

construction techniques 
A C line cords (letter) 

W 6 E G 
Blower-to-chassis adapter 

( H N ) 
Component marking 

( H N ) 
Dri l l guide 

( H N ) 
Hot wire stripper 

( H N ) 
Printed-circuit boards, cleaning 

( H N ) p. 66, March 
Printed-circuit boards, low-cost 

W6CMQ p. 44, Aug. 
Printed-circuit boards, practical 

photofabrication of 
Hutchinson p. 6, S e p t 

Screwdriver, adjustment 
( H N ) p. 66, Jan. 

p. 80, Dec. 

p. 73, Feb. 

p. 66, Nov. 

p. 68, Oct. 

p. 67, Nov. 

fm and repeaters 
Antenna, two-meter fm 

( H N ) p. 64, May 
Carrier-operated relay and call monitor 

V E 4 R E p. 22, June 
Channel scanner 

W 2 F P P p. 29, Aug. 

Channels, three from two 
( H N ) p. 68, June 

Coll inear array for two meters, 4-element 
W B 6 K G F p. 6, May 

Deviation measurement (letter) 
K 5 Z B A p. 68, May 

F m control head, customizing 
V E 7 A B K p. 28, Apri l 

F m receiver frequency control (letter) 
W 3 A F N p. 65, Apr i l 

F m transmitter, Sonobaby, 2 meters 
W A 0 U Z O p. 8, Oct. 

F m transmitter, solid-state two-meter 
W 6 A J F p. 14, Ju ly 

Frequency meter, two-meter fm 
W 4 J A Z p. 40, Jan. 
Short c ircuit p, 72, Apr i l 

l-f system, multimode 
W A 2 I K L p. 39, Sept. 

Motorola f m receiver mods 
( H N ) p. 60, Aug. 

Motorola P -33 series, improving the 
W B 2 A E B p. 34, Feb. 

Motrac Receivers (letter) 
K 5 Z B A p. 69, Ju ly 

Push-to-talk for Stylel ine telephones 
W 1 D R P p. 18, Dec. 

Receiver, tunable vhf fm 
K 8 A U H p. 34, Nov. 

Repeater problems 
V E 7 A B K p. 38, March 

Sequential encoder, mobile fm 
W 3 J J U p. 34, Sept. 

integrated circuits 
Communicat ions receiver for 80 meters, IC 

V E 3 E L P p. 6, Ju ly 
Frequency dividers for ssb 

W 7 B Z p. 24, Dec. 
Funct ion generator, IC 

W 1 D T Y p. 40, Aug. 
Integrated circuits, part 1 

W 3 F Q J p. 40, June 
Integrated circuits, part 2 

W 3 F Q J p. 58, Ju ly 
Integrated circuits, part 3 

W 3 F Q J p. 50, Aug. 
Microphone preamplifier with age 

Bryant p. 28, Nov. 
Phase-locked loops, IC 

W 3 F Q J p. 54, Sept. 
Phase-locked loops, IC, experiments with 

W 3 F Q J p. 58, Oct. 
R T T Y speed changer, IC 

W A 6 J Y J p. 36, Dec. 
Speech processor, IC 

V K 9 G N p. 31, Dec. 

keying and control 
CW monitor, simple 

W A S O H R p. 65, Jan. 
CW Processor for communications receivers 

W 6 N R W p. 17, Oct. 
Electronic hand keyer 

K 5 T C K p. 36, June 
Electronic keyer notes 

( H N ) p. 74, Dec. 
Morse sounder, radio controlled 

( H N ) p. 66, Oct. 
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Push-to- ta lk f o r S t y l e l i ne te lephones 
W 1 D R P p. 18, Dec. 

Relay ac t iva tor 
( H N ) p. 62 , Sept. 

Step-star t c i r cu i t , h igh-vol tage 
( H N ) p. 64 , Sept . 

V o x , versat i le 
W 9 K I T p. 50 , Ju l y 
S h o r t c i r c u i t p . 96 , Dec. 

measurements and test equipment 
Ac power - l i ne m o n i t o r 

W 2 0 L U p. 46 , Aug. 
A - m m o d u l a t i o n m o n i t o r , vh f 

( H N ) p. 67 , J u l y 
A n t e n n a matcher 

W 4 S D p. 24 , June 
Capaci tance meter , d i rec t reading, f o r 

e lec t ro l y t i cs 
W 9 D J Z p. 14, O c t 

Coaxia l cable, check ing ( let ter) 
W 2 0 L U p. 68 , May 

Conver ter , mos fe t , f o r receiver 
i n s t r u m e n t a t i o n 
W A 9 Z M T p. 62 , Jan. 

Coun te r readouts, sw i t ch ing 
( H N ) p. 66 , June 

C R T in tens l f le r f o r R T T Y 
K 4 V F A p. 18, J u l y 

Crys ta l - con t ro l l ed f requency markers 
( H N ) p. 64 , Sept. 

Decade standards, economica l 
( H N ) p. 66 , June 

D ivers i ty receiv ing system 
W 2 E E Y p. 12, Dec. 

D y n a m i c t rans is tor tester 
( H N ) p. 6 5 , Oc t . 

E lec t ro l y t i c capaci tors, measurement o f 
( H N ) p. 70 , Feb. 

F m dev ia t ion measurement ( le t ter ) 
K 5 Z S A p. 68 , May 

F m f requency mater , t w o - m e t e r 
W 4 J A Z p. 40 , Jan. 
S h o r t c i r c u i t p. 72, A p r i l 

F requency ca l ib ra to r , general coverage 
W 5 U Q S p. 28 , Dec. 

Frequency ca l ib ra to r , h o w t o design 
W 3 A E X p. 54 , J u l y 

F u n c t i o n generator , IC 
W 1 D T Y p. 40 , Aug. 

Meters, test ing u n k n o w n 
( H N ) p. 66 , Jan. 

Mu l t i t es te r 
( H N ) p. 63 , May 

Repairs, t h i n k i n g y o u r way t h r o u g h 
A l l e n p. 58, Feb. 

Resistor decades, versat i le 
( H N ) p. 66, Ju l y 

Resistance s tandard, s imple 
( H N ) p. 65 , March 

R T T Y m o n i t o r scope, sol id-state 
W B 2 M P Z p. 33 , Oc t . 

R T T Y signal generator 
W 7 Z T C p. 23 , March 
S h o r t c i r c u i t p. 9 6 , Dec. 

Safer su ic ide c o r d 
( H N ) p. 64 , March 

S m i t h char ts ( le t te r ) 
W 2 D U p. 76 , Dec. 

Sweep response curves fo r l ow- f requency l - f ' s 
A l l e n p. 56, March 

S w i t c h - o f f f lasher 
( H N ) p. 64 , Ju ly 

SWR br idge 
W B 2 Z S H p. 55, Oct . 

T i m e - d o m a i n re f l ec tome t r y , exper imen te r ' s 
approach t o 
W A 0 P I A p. 22 , May 

Transconduc tance tester f o r fets 
W 6 N B I p. 44 , Sept. 

T ransm i t t e r t u n i n g u n i t f o r t he b l i nd 
W 9 N T P p. 60 , June 

V f o , sol id-state 
K 4 B G F p. 8 , Dec. 

Weak-signal source, stable, va r i ab le -ou tpu t 
K 6 J Y O p. 36 , Sept. 

miscellaneous technical 
A u d i o age pr inc ip les and prac t ice 

W A 5 S N Z p. 28 , June 
Bandpass f i l t e rs f o r 50 and 1 4 4 M H z , 

e tched 
W 5 K H T p. 6 , Feb. 

B ind ing 1 9 7 0 issues of ham radio 
( H N ) p. 72 , Feb. 

C o i l - w i n d i n g data, v h f and uh f 
K 3 S V C p. 6 , A p r i l 

D i rec t -convers ion receivers 
W 3 F Q J pg. 59 , Nov. 

D ive rs i t y receiv ing system 
W 2 E E Y p. 12, Dec. 

F i l t e r p reamp l i f i e rs f o r 50 and 1 4 4 
M H z , e tched 
W 5 K H T p. 6 , Feb. 

F i re ext ingu ishers ( le t ter) 
W5PGG p. 68 , Ju ly 

F i re p r o t e c t i o n 
Darr p. 54 , Jan. 

F i re p r o t e c t i o n ( le t ter ) 
K 7 Q C M p. 62, Aug . 

F requency mu l t i p l i e r s 
W 6 G X N p. 6 , Aug . 

F requency synch ron i za t i on f o r sca t te r -mode 
p ropaga t i on 
K 2 0 V S p. 26 , Sept . 

Induc to rs , h o w t o use f e r r i t e and 
powde red - i r on f o r 
W 6 G X N p. 15, A p r i l 

I n j ec t i on lasers ( le t ter ) 
M i m s p. 64 , A p r i l 

I n j e c t i o n lasers, h igh power 
M i m s p. 28 , Sept. 

In tegra ted c i rcu i ts , pa r t 1 
W 3 F Q J p. 40 , June 

In tegrated c i rcu i ts , pa r t 2 
W 3 F Q J p. 58 , Ju ly 

In tegra ted c i rcu i ts , par t 3 
W 3 F Q J p. 50 , Aug. 

I n t e r m i t t e n t vo ice ope ra t i on o f power 
tubes 
W 6 S A I p. 24 , Jan. 

M i n i - m o b i l e 
K 9 U Q N p. 58, Aug. 

M u l t i p l e tubes in parallel g rounded g r i d 
( H N ) p. 60 , Aug. 

M u l t i v i b r a t o r , c rys ta l - con t ro l l ed 
(HN) p. 65 , J u l y 

Osc i l la tor , phase- locked 
V E 5 F P p. 6 , March 

Phase-locked loops, IC 
W 3 F Q J p. 54 , Sept. 
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Phase-locked loops, IC, experiments with 
W 3 F Q J p. 58, Oct. 

Pi networks, series-tuned 
W 2 E G H p. 42, Oct. 

Power in reflected waves 
Woods p. 49, Oct. 

Power, voltage and impedance nomograph 
W 2 T Q K p. 32, Apr i l 

Printed-circuit boards, photofabrication 
of 
Hutchinson p. 6, Sept. 

Radiotelegraph translator and transcriber 
W7CUU, K 7 K F A p. 8, Nov. 

Rating tubes for linear amplifier 
service 
W6UOV, W6SAI p. 50, March 

Relays, undervoltage 
(HN) p. 64, March 

Resistor performance at high frequencies 
K 1 0 R V p. 36, Oct. 

Resistors, frequency-sensitive (letter) 
W 5 U H V p. 68, July 

Silver/silicone grease 
(HN) p. 63, May 

Stress analysis of antenna systems 
W2FZ J p. 23, Oct. 

Television, conversion from fast-to 
slow-scan 
W3EFG , W 3 Y Z C p. 32, July 

Transistor amplifiers, tabulated 
characteristics of 
W5JJ p. 30, March 

Transmitter power levels, some 
observations 
W A 5 S N 2 p. 62, Apr i l 

Vacuum-tube amplifiers, tabulated 
characteristics of 
W5JJ p. 30, March 

Weak-signal reception in CW receivers 
ZS6BT p. 44, Nov. 

power supplies 
Dual-voltage power supply 

(HN) p. 68, Nov. 
Low-value voltage source 

(HN) p. 66, Nov. 
Power-supply hum 

(HN) p. 64, May 
Power supply, improved 

(HN) p. 72, Feb. 
Power supply, precision 

W7SK p. 26, July 
Step-start circuit, high-voltage 

(HN) p. 64, Sept. 

receivers and converters 
An t i -QRM methods 

W 3 F Q J p. 50, May 
Aud io age principles and practice 

W A 5 S N Z p. 28, June 
Calibrator crystals 

(HN) p. 66, Nov. 
Coll ins 75A-4 modifications 

(HN) p. 67, Jan. 
Communications receiver for 80 

meters, IC 
V E 3 E L P p. 6, July 

Converter, mosfet, for receiver 
instrumentation 
W A 9 Z M T p. 62, Jan. 

Converters for six and two meters, mosfet 
W 8 2 E G 2 p. 41, Feb. 
Short circuit p. 96, Dec. 

CW monitor, simple 
W A 9 0 H R p. 65, Jan. 

CW processor for communications receivers 
W 6 N R W p. 17, Oct. 

Direct-conversion receivers 
W 3 F Q J p. 59, Nov. 

Filter-preamplifiers for 50 and 144 MHz, 
etched 
W 5 K H T p. 6, Feb. 

Fm channel scanner 
W2FPP p. 29, Aug. 

Fm receiver frequency control (letter) 
W 3 A F N p. 65, Apr i l 

Fm receiver, tunable vhf 
K 8 A U H p. 34, Nov. 

Frequency calibrator, receiver 
W5UQS p. 24, Dec. 

Frequency calibrator, how to design 
W 3 A E X p. 54, July 

Frequency calibrator, receiver 
W5UQS p. 24, Dec. 

l-f system, multimode 
transceiver 
V E 3 G F N p. 66, Feb. 

Local oscillator, phase-locked 
V E 5 F P p. 6, March 

Radiotelegraph translator and transcriber 
W7CUU, K 7 K F A p. 8, Nov. 

Receiver incremental tuning for the 
Swan 350 
(HN) p. 64, July 

Receiving R T T Y , automatic frequency 
control for 
W5NPO p. 50, Sept. 

Receiving R T T Y with Heath SB receivers 
(HN) p. 64, Oct. 

Weak signal reception in CW receivers 
ZS6BT 

144-MHz converter (letter) 
W 0 L E R 

1296-MHz preamplifier, low-noise 
transistor 
W A 2 V T R 

p. 44, Nov. 

p. 71, Oct. 

p. 50, June 

RTTY 
Automatic frequency control for 

receiving R T T Y 
W5N PO p. 50, Sept 

C R T intensifier for R T T Y 
K 4 V F A p. 18, July 

Electronic speed conversion for R T T Y 
teleprinters 
W A 6 J Y J p. 36, Dec. 

Mainl ine ST-6 R T T Y demodulator 
W 6 F F C p. 6, Jan. 
Short circuit p. 72, Apr i l 

Mainline ST-6 R T T Y demodulator, more 
uses for (letter) 
W 6 F F C p. 69, July 

Mainl ine ST-6 R T T Y demodulator, 
troubleshooting 
W 6 F F C p. 50, Feb. 

Monitor scope, R T T Y , solid-state 
WB2MPZ p. 33, O c t 

R T T Y reception with Heath SB receivers 
(HN) 

Signal generator, R T T Y 
W7ZTC 
Short circuit 

semiconductors 
Charge f low in semiconductors 

WB6BIH 

p. 64, Oct. 

p. 23, March 
p. 96, Dec. 

p. 50, Apr i l 
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Diodes, evaluating 
W5JJ p. 52, Dec. 

D y n a m i c transistor tester 
( H N ) p. 65, Oct. 

Field-effect transistor transmitters 
K 2 B L A p. 30, Feb. 

Frequency multipliers 
W 6 G X N p. 6, Aug . 

Injection lasers (letter) 
M i m s p. 64, Apr i l 

Injection lasers, high power 
M i m s p. 28, Sept. 

Linear transistor amplifier 
W 3 F Q J p. 59, Sept. 

Low-value voltage source 
( H N ) p. 66, Nov. 

Moto ro la fets (letter) 
W 1 C E R p. 64, Apr i l 

Power dissipation ratings of transistors 
W N 9 C G W p. 56, June 

Power fets 
W 3 F Q J p. 34, Apr i l 

Transconductance tester for field-effect 
transistors 
W 6 N B I p. 44, S e p t 

Transistor amplifiers, tabulated 
characteristics of 
W5JJ p. 30, March 

V f o buffer amplifier 
( H N ) p. 66, July 

single sideband 
Balanced modulators, dual fet 

W 3 F Q J p. 63, Oct. 
Frequency dividers for ssb 

W 7 B Z p. 24, Dec. 
Intermittent voice operation of power 

tubes 
W 6 S A I p. 24, Jan. 

Linear amplifier performance, improv ing 
W 4 P S J p. 68, Oct. 

Linear for 80 - 10 meters, high-power 
W 6 H H N p. 56, Apr i l 
Sho r t circuit p. 96, Dec. 

Mod i f y i n g the Heath S B - 2 0 0 amplifier 
for the new 8 8 7 3 zero-bias triode 
W 6 U O V p. 32, Jan. 

Phone patch 
W 8 G R G p. 20, July 

Rating tubes for linear amplifier service 
W 6 U O V , W 6 S A I p. 50, March 

R F clipper for the Co l l i n sS - l i ne 
K 6 J V O p. 18, Aug. 
Letter p. 68, Dec. 

Speech cl ipping in single-sideband 
equipment 
K 1 Y Z W p. 22, Feb. 

Speech processor, ssb 
V K 9 G N p. 31, Dec. 

Swi tch ing and linear amplif ication 
W 3 F Q J p. 61, Oct. 

Vfo, stable 
K 4 B G F p. 8, Dec. 

V o x , versatile 
W 9 K I T p. 50, July 
S h o r t circuit p. 96, Dec. 

4 3 2 - M H z ssb, practical approach to 
W A 2 F S Q p. 6, June 

transmitters and power amplifiers 

Blower maintenace 
( H N ) p. 71, Feb. 

Blower-to-chassis adapter 
( H N ) p. 73, Fab. 

Field-effect transistor transmitters 
K 2 B L A p. 30, Feb. 

Frequency multipliers 
W 6 G X N p. 6, Aug. 

Intermittent voice operation of power 
tubes 
W 6 S A I p. 24, Jan. 

Linear amplifier performance, improving 
W 4 P S J p. 68, Oct. 

Linear for 80 - 10 meters, high-power 
W 6 H H N p. 56, Apr i l 
S h o r t circuit p. 96, Dec. 

M od i f y i n g the Heath S B - 2 0 0 amplifei for 
the new 8 8 7 3 zero-bias tr iode 
W 6 U O V p. 32, Jan. 

Mult ip le tubes in parallel grounded grid 
( H N ) p. 60, Aug. 

Pi networks, series-tuned 
, W 2 E G H p. 42, Oct. 

Power fets 
W 3 F Q J p. 34, Apr i l 

Relay activator 
( H N ) p. 62, Sept. 

Step-start circuit, high-voltage 
( H N ) p. 64, Sept. 

Speech cl ipping in single-sideband 
equ ipment 
K 1 Y Z W p. 22, Feb. 

Transmitter power levels, some 
observations regarding 
W A 5 S N Z p. 62, Apri l 

Transmitter-tuning unit for the blind 
W 9 N T P p. 60, June 

V f o buffer amplifier 
( H N ) p. 66, July 

V fo , stable 
K 4 B G F p. 8, Dec. 

5 0 - M H z linear amplifier 
K 1 R A K p. 38, Nov. 

5 0 - M H z linear amplifier, 2 k W 
W 6 U O V p. 16, Feb. 

5 0 - M H z transverter 
K 1 R A K p. 12, March 

1 4 4 - M H z fm transmitter, solid-state 
W 6 A J F p. 14, July 

1 4 4 - M H z f m transmitter, S o n o b a b y 
W A O U Z O p. 8, Oct. 

1 4 4 - M H z power amplifier, high performance 
W 6 U O V p. 22, Aug. 

1 4 4 - M H z transceiver, a-m 
K 1 A O B p. 55, Dec. 

2 2 0 - M H z exciter 
W B 6 D J V p. 50, Nov. 

2 2 0 - M H z power amplifier 
W 6 U O V p. 44, Dec. 

2 2 0 - M H z , rf power amplifer for 
W B 6 D J V p. 44, Jan. 

vhf and microwave 
A - m modulat ion monitor 

( H N ) p. 67, July 
Coaxial filter, vhf 

W 6 S A I p. 36, Aug. 
Coi l -winding data, practical vhf and uhf 

K 3 S V C p. 6, Apri l 
F m channel scanner 

W 2 F P P p. 29, Aug. 
Frequency multipliers 

W 6 G X N p. 6, Aug. 
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Frequency synchronization for 144 -MHz etched-inductance bandpass 
scatter-mode propagation filters and filter-preamplifiers 
K 2 0 V S p. 26, Sept. W 5 K H T p. 6, Feb. 

Pi networks, series-tuned 144 -MHz four-element collinear array 
W 2 E G H p. 42, O c t W B 6 K G F p. 6, May 

Transmission lines, uhf 144 -MHz fm frequency meter 
W A 2 V T R p. 36, M a y W 4 J A Z p. 40, Jan. 

Vh f beacons Shor t circuit p. 72, April 
W 3 F Q J p. 66, Dec, 144 -MHz fm transmitter 

Weak-signal source, stable, variable output W 6 A J F p. 14, July 
K 6 J Y O p. 36, Sept. 144-MHz fm transmitter, Sonobaby 

50 -MHz antenna coupler W A 0 U 2 O p. 8, O c t 
K 1 R A K p. 44, July 144-MHz power amplifier, high 

50 -MHz customized transverter performance 
K 1 R A K p. 12, March W 6 U O V p. 22, Aug. 

50 -MHz deluxe mosfet converter 144-MHz transceiver, a-m 
W B 2 E G Z p. 41, Feb. K 1 A O B p. 55, Dec. 

5 0 -MHz etched-inductance bandpass filters 2 20 -MHz exciter 
and filter-preamplifiers W B 6 D J V p. 50, Nov. 
W 5 K H T p. 6, Feb. 220 -MHz power amplifier 

50 -MHz linear amplifier W 6 U O V p. 44, Dec. 
K 1 R A K p. 38, Nov. 2 20 -MHz rf power amplifier 

5 0 -MHz 2 kW linear amplifier W B 6 D J V p. 44, Jan. 
W 6 U O V p. 16, Feb. 432 -MHz corner reflector antenna 

144 -MHz converter (letter) W A 2 F S Q p. 24, Nov. 
W 0 L E R p. 71, O c t 4 32 -MHz ssb, practical approach to 

144-MHz deluxe mosfet converter W A 2 F S Q p. 6, June 
W B 2 E G Z p. 41, Feb. 1296-MHz preamplifier, low-noise 
Shor t circuit p. 96, Dec. transistor 

W A 2 V T R p. 50, June 

BINDERS 

are available for your 

1971 issues 

from 

HAM RADIO MAGAZINE 

Details are on page 118 
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